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TO MY WIFE 




PREFACE. 


The electronic conception of valence as developed and 
applied in this monograph is concerned neither with the 
question of the ultimate nature of chemical affinity nor 
with the intimately related problem of the constitution 
of the atom. The variety of hypotheses now current, 
which deal with the constitution of the atom, has signally 
failed to furnish a uniform valence hypothesis which will 
enable chemists to elucidate chemical formulre and re- 
actions, or, in other words, to present more complete 
pictures of the relationships existing between the chemi- 
cal constitution of substances and their chemical, physico- 
chemical and physical properties. 

After studying the many anomalous hypotheses on 
atomic structure and valence, the author has adopted the 
early and relatively simple suggestion of Sir J. J. Thomson 
that “if we interpret the ‘bond’ of the chemist as indi- 
cating a unit Faraday tube, connecting charged atoms in 
the molecule, the structural formulte of the chemist can be 
at once translated into the electrical theory ”. Accordingly, 
the symbol — a short straight line between atoms — which 
indicates a “bond” in a structural formula, assumes an 
added significance since one end of the bond corresponds 
to a positive, the other to a negative charge, through the 
transference of an electron from the one atom to the 
other. 

This, briefly, is the electronic conception of positive and 
negative valence which is employed herewith, solely as a 
fonnulative hypothesis. It- is applied to the formula; of 
many substances but chiefly to the constitution of benzene. 
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Methods are proposed and fully illustrated explaining how 
structural formitlcc may be translated into electronic 
formula; but only when it may be clearly demonstrated 
that the resultant electronic formulae possess greater sig- 
nificance in interpreting and correlating cheijrical and 
physico-chemical phenomena than do our customary struc- 
tural formulae. 

The monograph is divided into four parts. Part I. 
develops the electronic conception of positive and negative 
valence as a formulative hypothesis in chemistry. Part II. 
relates particularly to the constitution of benzene and its 
derivatives, and to the problem of substitution in the 
benzene nucleus. Part III. deals primarily with physical 
and physico-chemical properties, notably, molecular vol- 
umes, absorption of light and fluorescence. Part IV. 
considers the constitution of the mctal-ammines and 
presents a bibliographical and chronological review of those 
articles of authors who have presented applications of the 
electronic conception of valence. 

Concordant with the fact that the preface is usually the 
last part of a book to be written, a more comprehensive 
preface may be found in Section A of the final chapter. 

In conclusion, I am deeply grateful to my colleague, 
Dr. Earl F. Farnau, for valued suggestions, criticisms, and 
his reading of the manuscript, and also to Miss Eva 
Hauck, Secretary of the Department of Chemistry, 
University of Cincinnati, for the preparation of the index 
of names and the transcription of the manuscript. 

UNiVERsrry of Cincinnati, 

Cincinnati, Ohio, iSr/i May^ 1920. 
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CHAPTER I. 


INTRODUCTORY. 

Theories of valency may be divided into two general classes. 
J. N. Fiiend states that “to the first of these belong such 
theories as those of Werner and of Barlow and Pope, which 
postulate cei tain definite atti active oi repellent forces, and then 
proceed to a discussion of the constitution of the molecule". 
These aie designated as chemical theories of valency Theoiies 
of tlie second class relate to the actual causes of chemical affinity 
and are influenced by the paiticulai ideas of atomic stiiictuie 
held by their oiigmatois. Phiend states that “the electronic 
theory of valency is a case in point, and as such is a subject for 
the physicist rather than the chemist”. 

Chemists, in general, will subscribe to this statement, because 
the various hypotheses on atomic structuie and the fundamental 
nature of valence now in vogue are too diveise and too limited 
m their capacity either to interpret or to corielate definite 
chemical and physico-chemical phenomena. Be this as it may, 
theie aie certain simple aspects of the electronic conception of 
the constitution of the atom that may be translated diiectly into 
an electronic conception of valence. This, it will be shown, readily 
lends itself to the iiiteipietation and corielation of manyhitheito 
unexplained chemical and physico-chemical phenomena. In 
other woids, the chemist may employ the electiomc conception 
of valence as a fonniilative hypothesis in the field of chemistry. 

The general purpose of this monogiaph is to show that the 
application of the electionic conception of positive and negative 
valences to the constituent atoms of elements and compounds 
leads to the development of a new type of structuial chemical 
formula — the electronic formula — which is far more significant 
than the customary structural formula in its adaptation to the 
interpretation and coi relation of chemical and physico-chemical 
phenomena. 
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To this eacl, theie is piesented a complete revision and an 
extended development of the subject matter of two separate 
seiies of ai tides published by the authoi during the past twelve 
yeais. One seiies, which appeared in the Zeitschrift fur physi- 
kalische Chemie under the geneial title Emige Amueiidmigen der 
Elektronhchen AuffasMng positiver mid negativer VaEuwn, pre- 
sented new hypotheses on the lelationship between chemical 
constitution and the phenomena of light absorption and fluor- 
escence The other series appealed concurrently in the Journal 
of the American Chemical Society under the title Interpretations 
of Some Steteochemical Problems in Terms of the Electronic Con- 
ception of Positive and Negative Valences. In the majoiity of 
these ai tides an attempt was made to thiow some light upon the 
manifold and evei lecuirent pioblem of the constitution of benzene 
An application of the elcctionic conception of positive and 
negative valences to the constituent atoms of the benrene 
molecule culminated in the electronic formula of benzene. Tins" 
foimula is leadily adaptable to and makes possible the inter- 
pretation of many chemical and stereochemical problems pie- 
sented by benzene and its derivatives 

My grateful acknowledgments ate due to Sii J J. Thomson 
whose earlier ideas on valency, as piesented in his volume 
Electricity and Matter and subsequently elaborated in his 
Corpuscular Theory of Matter, directly led me to conceive, 
propose, and to apply the terms electromer and electronic tauto- 
meristn as fundamental concepts in the development of his 
electronic conception of valence. The electromer is a new type 
of isomer — the electronic isomer Electronic tautomerism is a 
new type of tautomeiism involving electromers in dynamic 
equilibrium. 

The proposal of these new conceptions natuially involves the 
question of the actual existence of elcctiomers. A few chemists 
have not, and otheis may not, be inclined to countenance the 
electronic conception of valence, electronic isomerism, and 
tautomeiism chiefly upon the giounds that the independent 
existence of electromeis has not as yet been fully established. 
In view of this attitude, it should be clearly undeistood that the 
question of the actual existence of electromers is a secondaiy 
matter which does not in any sense invalidate the use and 
sio-ruficance of the electronic conception of vclence as a formula- 
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tivc hypothesis in chemistty The conceptions of electionic 
isomerism and electronic tautomerism aie necessaiy adjuncfs of 
the electronic conception of valence Fuithermore, these con- 
ceptions aie necessarily demanded and, thciefore, wan anted 
in the interpietation and coirelation of many chemical [ihenomena. 
A statement of histone and piophetic interest, made by Kekule 
in 1867, illustrates llie pnnciplc at issue — 

“ The question whethci atoms exist or not has but little 
significance fiom a chemical point of view its discussion belongs 
rather to metaphysics. In chemistry we have only to decide 
whethei tlie assumption of atoms is an hypothesis adapted to 
the e.xplanation of chemical phenomena. Moie especially have 
we to consider the question whether a further development of 
the atomic hypothesis piomtses to advance out knowledge of the 
mechanism of chemical phenomena. 

“ I have no hesitation in saying that, from a philosophical 
point of view, I do not believe in the actual existence of atoms, 
taking the woid in its liteial signification of indivisible particles 
of mattei — I lathei expect that we shall some day find fot what 
we now call atoms a mathematico-mcchanical explanation, which 
will render an account of atomic weight, of atomicity, and of 
numerous properties of the so-called atoms As a chemist, 
howevci , I icgaid the as.sumption of atoms, not only as advisable, 
but as absolutely necessary in chemistry. I will even go 
fuither, and declare my belief that chemical atoms exist, provided 
the term be understood to denote those particles of mattei which 
undeigo no fuithei division in chemical metamorphoses. Should 
the piogiess of science lead to a theory of the constitution of 
chemical atoms — impoitant as such a knowledge might be for 
the general philosophy of matter — it would make but little 
alteiation in chemistiy itself. The chemical atoms will always 
remain the chemical unit ; and foi the specially chemical con- 
sidciations we may always start from the constitution of atoms, 
and avail oui selves of the simplified e.xpression thus obtained, 
that is to say, of the atomic hypothesis. We may, in fact, adopt 
the view of Dumas and of Faraday, that whether matter be atomic 
or not, thus much is tertain, that granting it to be atomic, it would 
appeal as it now does ” 

Apropos of the above quotation, let it be recalled that 
Kekuld's efforts to develop an undeistanding of the mechanism 
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of chemical leactions aie embodied to-day in the structure theory^ 
tlie Vccogiii/ccd foundation of the extensive achievements of 
Oiganic Chemistiy, both theoietical and applied. The estab- 
lished utility of this stmetme theoiy, which is indeed a foimu- 
lative hypothesis, is neithei dependent upon the existence of 
atoms nor upon an intimate knowledge of the nature of valence 
or chemical affinity. Similaily, the utility of this electronic con- 
ception of positive and negative valences, also a foimulative 
hypothesis with the stiuctme theory as its foundation, is not 
primaiily dependent upon the existence or the possible isolation 
of electromeis. 

The significance of this point of view may be more evident 
if some of the foregoing statements of Kekule aie paraphrased in 
modem terms ; In chemistiy we have to decide whether the 
electronic conception of valence is an hypothesis adapted to the 
explanation of chemical and physico-chemical phenomena More 
especially have we to deteimme whether or not the fuithei 
development of electronic formulie and the conceptions of 
electronic isomerism and tautomerism promise to advance our 
knowledge of the mechanism of chemical leactions In view of 
the fact that electionic formulae, in many instances, have pioven 
to be more piecise and more significant than the customary 
structural formula: in the explanation of physical and chemical 
phenomena and the mechanism of reactions, it is quite conceiv- 
able that the electionic conception of valence may become a 
necessaiy adjunct to the structure theory. This, of course, must 
depend upon the natuie and extent of its applications and ex- 
perimental verifications, and upon the part that should be played 
by just criticisms in bringing to light the relative meiits and 
demerits of its applications. The author hopes that these points 
of view will be constantly in the mind of the reader. 
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THli ELECTRONIC CONCEPTION OF VALENCE. 

A. Fundamental Conceptions. 

In a lecture ' on the Constitution of the Atom (Silliman Lectuies, 
1903), Sir J J, Thomson formulated the electionic conception of 
positive and negative valences in the following woids. — 

“ On the view that the attiaction between the atoms m a 
chemical compound is electrical in its origin, the ability of an 
element to enter into chemical combination depends upon its 
atom having the power of acquiiing a chaige of electricity. 
This, on the preceding view, implies cither that the uncharged 
atom is unstable and has to lose one or moie corpuscles befoie 
it can get into a steady state, or else that it is so stable that it 
can retain one or more additional coipuscles without any of the 
oiiginal corpuscles being diiven out. If the lange of stability is 
such that the atom, though stable when unchaiged, becomes un- 
s^able when it receives an additional coipuscle, the atom will 
not be able to leceive a charge either of positive or negative 
electricity, and will theiefoie not be able to entci into chemical 
combination. Such an atom would have the properties of the 
atoms of such elements as aigon or helium. 

“The view that the foices which bind together the atoms 
in the molecules of chemical compounds are electrical in their 
origin, was first proposed by Berzelius ; it was also the view of 
Davy and of Faraday Helmholtz, too, declared that the 
mightiest of chemical forces are electrical in their oiigin. 
Chemists in general seem, however, to have made little use of 
this idea, having apparently found the conception of ‘ bonds of 
affinity ' more fiuitful This doctiiiie of bonds is, however, when 
regarded m one aspect almost identical with the electrical theory 
The theoiy of bonds when represented giaphically supposes that 
from each univalent atom a stiaight line (the symbol of a bond) 
proceeds ; a bivaknt atom is at the end of two such lines, a 
7 
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teivalcAt atom at the end of thiee, and so on ; and that when the 
cliefnical compound is lepiesented by a giaphic formula in this 
way, each atom musi be at the end of the piopei niunbei of the 
lines which lepiesent the bonds Now, on the clectiical view of 
chemical combination, a univalent atom has one unit chaige, if 
we take as oiu unit of chaige the chaige on the corpuscle ; the 
atom IS theiefore the beginning or end of one unit haiaday 
tube ■ the beginning if the charge on the atom is positive, the 
end if the chaige is negative A bivalent atom has two units of 
cliaige and therefoie it is the origin or termination of two unit 
Faraday tubes Thus, if we inteipret the ‘ bond ’ of the chemist 
as indicating a unit Faraday tube, connecting chaiged atoms in 
the molecule, the structural foimulm of the chemist can be at once 
translated into the electiical theory. Theie is, howevei, one 
point of diffeience which deseives a little consideration the 
symbol indicating a bond on the chemical theoiy is notiegaided , 
as having diiection , no difference is made on this theoiy 
between one end of a bond and the othei. On the electrical 
theory, however, theie is a difference between the ends, as one 
end coiiesponds to a positive, the other to a negative chaige,” 

It is this eaiiier view of Sii J. J Thomson that is most 
leadilyand significantly adaptable to chemical formula: The 
conceptions piesented m the foregoing quotation may be illus- 
tiated and amplified by applying them to the combination of 
two univalent atoms, X and Y, of such nature that X tends to 
lose a corpuscle, or election, which Y tends to acquiie. Through 
the loss of one electron, i e., one unit negative chaige (lepiesented 

+ 

by the symbol 0), X functions positively ; thus, X - 0 X 
Thiough the acquisition of this electron, Y functions negatively ; 

thus, Y + 0 Y 

Accoidingly, the elechonic formula of the resultant com- 
+ - + - 

pound, XY, fiom the union of X and Y, is written X Y 

which indicates the polarities of the bond of attraction oi Faraday 
tube of foice between X and Y. 

In this connection it is of interest to note that Baly and 
Desch ^ consider the labile hydiogen atom, in keto-enol tauto- 
merism, to function as a potential ion “inasmuch as the bond of 
attraction or Faraday tube of foice must b^ considered to be 
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lengthened sufficiently to allow of the interchange of the atom 
fiom the one position to the other within the molecule”. They 
also extend this view to salts in solution maintaining “that the 
bonds of attraction connecting the ‘ nns’ together are lengthened 
by the solvent When the length of the Faiaday tubes is below 
a ceitain ciitical length, the salt is ‘ non-ionized When the 
average length of the tubes of foicc is equal to or a little less 
^than the ciitical length, a few inteichanges of ions between ad- 
jacent molecules takes place, and the salt is paitially ionized. 
When the length of the Faraday tubes is gieaterthan the ciitical 
value, then perfectly fiee interchange takes place between the 
ions of different molecules, and the salt is completely ‘ ionized’.” 

From this point of view, the distinction between “ electiolytes ” 
and ” non-electiolytes ” is one of relation only ; it depends upon 
the conditions which deteimino the ciitical lengths of the Faiaday 
tube-, between the constituent atoms of the substance. 

Aiiothei phase of the electionic conception of valence has 
been piesented by Sii William Ramsay® m his Piesidential 
Addiess to the Chemical Society (190S). He advanced the 
hypothesis that electrons aie atoms of the chemical element, 
electiicity; they possess mass, foim compounds with other ele- 
ments, and seivc as the bonds of union between atom and atom. 
He employed this idea of valence to explain the e.xtrusion of 
lonlzable gioups in such compounds as the cobaltamminc intiites 
by fuither addition of ammonia. Such significant applications 
poitend further development in the explanation of the mechanism 
of chemical changes. 

A survey of these hypotheses leads to the conclusion, which 
is becoming moie general, that, if the foices which hold the atoms 
together in electrolytes aie electrical, then the same foices must 
also be assumed to hold in combination the atoms constituting 
the molecules of non-electiolytes Hence, it may be maintained 
that chemical leactions which involve the dissociation of mole- 
cules, either of electiolytes or of non-electiolytes, aie, let us say, 
eleLb-otne. 

B. Electronic Formulae of Diatomic Molecules. 

Passing flora this geneial conclusion, consider biiefly some of 
the electrochemical Conceptions and facts that aic lelated directly 
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to the determination of the electionic formulae of the diatomic 
molecules of certain elements. 

In the hrst place, it is of historical inteiest to note that one 
of the chief causes contiibuting to the ovei throw of the Dualistic 
System of Berzelius'* was his failiiie to apply the conception of 
electio-dualism to the constitution of elementary molecules. This, 
however, was not the case with Helmholtz,® who, in his famous 
Faraday Lecture in i8Si applied an electrical conception of 
valence to the constitution not only of compound but also of 
elementary molecules These are his words; “If we conclude 
from the facts that eveiy unit of affinity is chaiged with one 
equivalent either of positive or of negative electiicity, they can 
form compounds, being electrically neutral only if eveiy unit 
charged positively unites under the influence of a mighty electiic 
attiaction with another unit chaiged negatively. . The fact 
that even elementary substances, with few exceptions, have mole- 
cules composed of two atoms, make it probable that even in thes^ 
cases electric neutralization is pioduced by the combination of 
two atoms, each chaiged witli its full electric equivalent, not by 
neutralization of every single unit of affinity.” 

This conception of Helmholtz is stated conversely, in the 
modern phraseology of ionic dissociation, by W. A. Noyes,® as 
follows ■ “ If we suppose what seems not to be improbable, that 
all reactions involving the decomposition of molecules are pie- 
ceded by an ionization of the parts of the molecules, it would 
follow that elementary molecules as well may ionize into positive 
and negative parts ” Again, in this connection, Walden’s 
researches ' on conductivities of substances other than acids, bases 
and salts in difleient ionizing media, prove that the halogens, 
biomine and iodine, furnish not only anions, but cations as well 

4* 4*Hh++ + + 4* 

Br and Br ; I and I. 

Sir J. J. Thomson® states that this view “is also supported 
by the fact that when the molecules of an elementary gas are 
dissociated by heat, as in the case of iodine vapour, the electric 
conductivity of the dissociated gas is very high, showing that 
there are large quantities of both positive and negative ions 
present in the dissociated gas”. Fuitheiniore, “the numerous 
experiments which have been made on the dispersion pf gases 
do not afford any evidence of the existence ^f any wide diverg- 
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ence between tlie dispersion of compound and elementaiy gases ; 
hence we may conclude that if the atoms in the molecules of the 
compound gas aie chaiged with electricity, the atoms in the 
molecules of elementary gases are also chaiged". Concuiiently, 
the pieceding facts indicate that the electronic foimula and the 
elect! oly tic oi electionic dissociation of a diatomic molecule (X^) 
composed of univalent atoms may be repiesented by the follow- 
.ing scheme , — 

+ - ^ + 

Xj = X X X + X. 

C. Electronic Isomers or Electromers. 

An extension of these ideas to the chemical union of two 
elementary gases, Xo and Y^, develops some new and funda- 
mental conceptions. Oidmaiily, such a reaction is represented 
by the equation Xj + Yj =1^ 2XY, but in terms of electronic 
formuliE, combination, preceded by electionic dissociation, is 
repiesented by the following scheme- — 

+ - + 

Xj = X X X + X 

_ 4. — -f, 

Y.J = Y — ^Y Y + Y 

11 1 ^ 

+ - — + 

Oidmaiily only one stuictuial foimula is assigned to the com- 
pound XY, namely, X Y ; but, in the above scheme it is 

evident that XY may be represented by two different electionic 
+ “ — + 

foimuls, namely, X Y and X Y. I have pioposed the 

term electronic isomer, oi moie briefly, electromer^ for this new 
type of isomer. Several different electronic formulae may be 
attiibuted to a given structural formula but this does not neces- 
sarily imply that the several electionic isomeis or electromers are 
capable of independent existence. Sii J. J. Thomson^® foresaw 
the possibility of this new type of isomerism, and stated that even 
if such isomeis were stable they would possess very diffeient 
degiees of stability, and “ it must be remembered that in considei- 
ing the possibility of the existence of isomeis from purely 
geometiical considerations, all questions as to stability are 
ignored, so that isomers which are indicated by geometry as 
possible may be dynamically unstable and thus incapable of 
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prcpai atiom ”, Detailed evidence for the existence of electromers 

of the types X Y and X Y will be piesented in subse- 

quent chapteis. 


D. Electronic Tautomerism. 

The dynamic instability refened to above serves as the basis 
foi another new conception, namely, that of electronic tautomer-' 
tsm Tautomerism, in the usual sense, signifies an equilibrium 
mixture of ordinary structural isomeis as, for instance, the well- 
known ketonic and enolic modifications. Electronic tautomerism 
signifies an equilibimm mixtuie of two (oi more) elcctiomeis 
m the sense that one electiomer may be assumed to levert to 
another electiomer through the tiansposition of valence elections. 
This will effect a leveisal of the polarity of ceitain atoms (or 
ladicals) m the lespective electiomers as indicated in the follow* 
mg detailed scheme : — 

X-i — Y =^X + Y=1^X + © l-Y'f^ 

X + Y X + © + Y X S- Y X Y 

It should be noted that m the transition from electromer 
X.Y to X.Y, or vice veisd, abbievuited thus 

(X— — Y ^ X--^Y), 

when Y loses an electron, it becomes a neutral atom or radical ; 
+ 

and X, acquiring this election, or unit negative charge, also 
becomes a neutial atom or radical. The intermediate exist- 
ence of neutral atoms or radicals, X and Y, m the system of 
electronic tautomerism, furnishes a fundamental point of view 
for the interpietation of the existence and propeities of “free 
radicals ” (notably triphenyl-methyl and its derivatives) and the 
so-called “nascent state”. These featuies will be developed in 
subsequent chapters. One of the pui poses of this monograph 
is to show that many chemical leactions and their interpretation 
fully substantiate the principle of electronic tautomerism or the 
existence of electromers in dynamic equilibiiftm 
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E. The Electronic Valence of an Atom. 

It has been noted that a neutral atom (the valence in fhe 
neutral state is zeio) may acquire one unit positive chaige through 
the loss of one electron, or it may acquiie one unit negative 
charge through the acquisition of one election. Such a ?0!L 
valent atom may function, eithei as an independent ion or in 
chemical combination with anothei atom, in tivo distinct ways 
Gccoiding as it is positively or negatively zmivalent. Thus, a 
+ — 

univalent hydi ogen atom may function as H or as H ; and the 

univalent chlorine atom as Cl or as Cl. 

Through (i) the gain or (3) the loss of two electrons, or 
(3) thiough the simultaneous loss of one election and the gain 
of another electron, a bivalent atom may function in three distinct 
ways. Accoidingly, its valences aic lespectivcly (i) both 
ftegative, or (2) both positive, or (3) one positive and one nega- 
tive. Thus, a bivalent oxygen atom picsents three types: 
— + + +- 

0 , 0 , 0 . Similaily, the tervalent nitrogen atom piesents 
+ '}•+ + + — -I — 

four types ■ N , N , N , and N . The quadrivalent caibon 
atom functions vxfive ways: — 

+ + + S + + + -+ + --+ 

■ C , C , C , C , and C 

It thus becomes evident that an atom luhose valence is («) 
may function electronically in{n + l) different ways This rule*'“ 
is used in figuring the numbei of electronic formula; which may 
be attiibuted to a given structural foimula. Its application to 
the derivation of the electronic formula of benzene and other 
compounds is presented in detail later. In the meantime, it is 
expedient to illustrate this rule by a number of simple reactions 
and electronic formulze, and, simultaneously, to consider the 
methods commonly employed in deiiving the electionic foimulie 
of elements and compounds 
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METHODS OF DEVELOPING ELECTRONIC FORMULA. 

It has been noted that electronic formulae aie virtually stiuctural 
formulae in which the bonds are qualified as having direction in 
the sense that one end of a bond conesponds to a positive, the 
other end to a negative charge. The stiuctural formula of a 
substance is deiived through the consideration of three factors • 
(i) the number of atoms m the molecule; (2) the valence of 
each atom , and (3) the chemical and physical propeities of the 
substance in question. As stated by Perkin and Kipping . “ ll 

IS thus possible, with the help of valency considerations, to 
determine the state of combination of all the atoms of which the 
molecule is composed, and to express the results in a structural 
formula , this formula then not only shows the constitution or 
structure of the compound, but also summarizes in a concise and 
simple manner the more important chemical properties of the 
compound 

Now the conversion of a structural foimula into an electionic 
formula by assigning positive and negative chaiges to the op- 
posite ends of the bonds is not an arbitrary procedure . it must 
be governed by a careful study of certain phenomena, notably 
(A) Ionization and Electrolysis, (B) Oxidation-reduction pro- 
cesses, and (C) Plydrolytic leactions. Each of these phenomena 
may be interpreted very aptly in terms of electric chaiges, or, in 
other words, in terms of positive and negative valences The 
correlation of these phenomena and principles makes the develop- 
ment of an electronic formula a consistent procedure Simple 
illustrations of a general type may now be considered. 

A. Ionization and Electrolysis. 

In an aqueous solution, hydrogen chloiide molecules by dis- 
sociation yield positive hydrogen and negative chlorine ions, 
The former migrate to the negative cathcftle while the latter 
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move to the positive anode. Hence the dissociating molecules 
of hydrogen chloiide are qualified by the electronic formwla 
+ — 

H Cl, and their electiolytic dissociation by the scheme 

— Cl H + Cl. 

This view does not preclude the possible existence, even in 
an aqueous solution, of negative hydrogen and positive chloiine 
ions The following illustiation will show how, during electro- 
lysis, negative hydrogen ions may be assumed to result by 
cathodic reduction, and positive chlorine ions arise by anodic 
oxidation . a hydrogen atom carrying a unit positive charge may 
+ 

lose it on contact with the cathode ; H -1- 0 -> H. The resultant 
neutial atom immediately acquiring an electron fiom the cathode 

becomes a negative hydiogen ion, H + 0 H, which is natur- 
dly lepelled fiom the cathode and immediately combines with 
an approaching positive hydiogen ion to form a molecule of 

hydiogen , H + H -> H = H„ 

An analogous and simultaneous process may take place at 
the anode, in which case the negative chlorine ion gives up one 
electron to the anode thereby becoming a neutral atom, which 
through the loss of another election becomes a positive chlorine 
atoih. The union of a positive and a negative chlorine ion 
+ — 

yields the molecule Cl Cl. 

Cl - 0 -> Cl, Cl - 0 _> Cl; 

Cl + Cl -> Cl Cl = Clj. 

This scheme leads to the definition of oxidation and reduction 
in teims of electiical charges or elections. 

B. Oxidation and Reduction. 

Anodic oxidation and cathodic induction aie effected by 
means of the electric current. Electric cunents may be produced 
by means of oxidation and reduction leactions Hence oxida- 
tion IS generally considered to involve the acquisition of positive, 
01 the loss of negative electrical charges, by atoms or ions ; and, 
reduction involves the acquisition of negative, 01 the loss of posi- 
tive chaiges. Now 'ince the electron is the unit negative charge 
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of clectiicity, equivalent to the chaige on a univalent ion, oxida- 
tisn may be defined, in teims of the clectionic conception, as the 
loss of elections by atoms or ions, while reduction is the gain of 
electrons by atoms oi ions. 

The displacement of hydrogen from an acid by means of a 
metal is repiesented by an equation of the following 13'pe • M (a 
bivalent metal) + 2HX -> MXj + H, The ionic equation foi 

A' + + 

this leaction is M + 2H ^ M + Hj. The metal, M, is oxidized 

■+■ 4- 4* 

to the bivalent ion, M, while the hydrogen 10ns, 2H, are reduced 
to molecular hydrogen, Hj A moie detailed analysis of this 
change is piesented in teims of the electionic conception accord- 
ing to the following scheme • — 

M = M -5- M H- !©, 

H I © -> H, H + © -^ H, 

H + H H = H, 

By way of explanation, an atom of the metal, M, is oxidized 
+ + 

to the bivalent ion M through the loss of two elections, one of 
+ 

which reduces H, first, to neutial hydrogen, H This neutral 

atom IS then fuithei reduced by the othei election to H The 
+ — 

union of H and H yields moleculai hydtogen. This piocess 
closely resembles the cathodic 7 eduction of positive hydrogen ions 
during the electrolysis of aqueous solutions of acids as previously 
noted 

These illustrations show that the number and the polaiity of 
the chaiges of a giv'en atom indicate its state of oxidation or re- 
duction. Conversely, the state of oxidation of a given atom in a 
compound may be leadily corielated with the electronic formula 
of the compound. The significance of this piinciple becomes 
more evident if attention is diiected to the polarities of the 
valences of the carbon atom in five typical compounds, namely, 
(I.) methane, (II.) methyl alcohol, (III ) formaldehyde, (IV.) 
foimic acid, (V ) carbonic acid and its anhydride, carbon dioxide. 
If, in these compounds, the hydrogen atoftis positively 
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and the oxygen atoms are negatively bivalent, then the electionic 
formuhx of compounds I.-V. inclusive aie wiitten as follows 
H H H 

I + I + +1 



I. II. HI. 



A lule has been stated, namelj', that when the valence of an 
atom equals (?«), that atom may function electronically, or in 
electronic formulae, m iji + i) different ways. Since the carbon 
atom is quadrwalent, it functions in five diffeient ways, thus — 

-C— — C+ — C+ +C+ +C + 

- - + + + 

I. II. III. IV. V 

These types of carbon atoms (I.-V ) are embodied, lespectively, 
in the pieceding electronic foimulae of(I,) methane, (II.) methyl 
alcohol, (III ) formaldehyde, (IV.) formic acid, and (V) carbonic 
acid. Now since the acquirement of elections or negative 
valences corresponds to reduction, and the loss of electrons, i.e., 
the development of positive valences, corresponds to oxidation, 
it is at once evident that the above types and electronic foimulm 
(I -V. inclusive) repiesent the successive stages of oxidation of 
the carbon atoms m the tiansitions from methane to carbon 
dioxide In fact Bone has demonstiated that the slow com- 
bustion (1 e , oxidation) of the hydrocarbon methane at tempera- 
tines below its ignition point, may be regaided as involving the 
successive formation of methyl alcohol, foimaldehyde, formic 
acid, and finally, carbonic acid 01 carbon dioxide. The electronic 
formuliE of these compounds afford an interpretation of these 
oxidations in terms of the positive and negative valences of the 
constituent atoms. Such relationships as those noted in the 
preceding types (I.-V ) are made manifest, not by the 01 dinary 
structural foimulae, but only by the electronic formulae of these 
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five typical caiboii compounds. In this way, the extensive field 
of ftxidation-ieduction reactions not only affoids an expeiiinental 
justification for the use of the electronic conception of positive 
and negative valences but also serves as one method of deriving 
electronic foimula?. 

C. Hydrolytic Reactions. 

Another method of developing electronic formulae and of cor- 
relating them with chemical properties is found in an electronic' 
intei pretation of hydrolytic reactions. 

Granting that the hydrogen ion is positive and that the 
hydioxyl ion is negative under normal condition.s, i.e , piovided 
the hydiogen ion is not reduced and that the hydio.xyl ion is 
not oxidized, and that, accordingly, the electronic formula of 
+ 

water is H O H, then it follows that hydrolptic uadwns 

affoni an experimental method for asiet taming the po/aiitr of the: 
radicals of a lomponnd nndci the particular tonditions of the hy- 
drolysis 

The applicability of such a method both to electiolytes and 
to non-electrolytes is indicated by Abegg- “The obseivation 
that all leactions in which ions paiticipate in measuiable amounts 
— e\'en the hydrolytic actions oi the extiemely weakly dissociated 
water — proceed to their equilibiia with an immeasuiably great 
velocity, has induced the assumption that indeed every capacity 
to leact IS to be attributed to the presence of ions. A basis for 
this assumption has been thought to exist m the fact that reac- 
tions between non-electi olytes usually proceed with extreme slow- 
ness coriesponding to an immeasuiably small, but not absolutely 
non-existent, dissociation.” The method of applying hydiolytic 
leactions to the detei mination of the polarity of the radicals of 
either electrolytes or of non-electi olytes may be illustrated in 
general as follows. 

If a compound, X.Y, on hydrolysis yields compounds of the 
types H X and HO.Y, then X.Y is qualified by the electionic 
— + 

formula X Y. Its hydiolysis proceeds according to the 

scheme : — 

--I- +--+ +- +__ + 

X Y + H 0 H H X + H 0 Y, 

or, more biiefiy ^ 

— + +— "--i- 

X Y + IH OH H.X + HO.Y. 
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On theotliei hand, if the hydrolysis of X.Y j-ields compounds 
II, Y and HO.X, then X.Y is qualified by the electronic 

foimula X Y, the iiydrolysis of which proceeds according to 

the abbieviated scheme ; — 

X.Y + H.OH -5. H Y + HO.X. 

Thus, the products of hydrolysis of X.Y indicate vvhetlier its 
- + + — 
electronic formula is X.Y or X.Y. 

In some instances, to be considered in detail later, a given 
compound, X Y, will yield four diffeient pioducts on hydrolysis, 
namely, H.Y, HO.X, H.X, and HO.Y. In such instances, 
the conclusion is evident that the compound X.Y must havie’ 
+ “ — + 

functioned in two distinct ways, namely, as X.Y and X.Y ; or, 
in othei words, X.Y presents an example of electronic tauto- ’ ■ 
+ “ — + 

meiLsm (X.Y ^ X.Y) and interaction with water is virtually 
ttvo distinct hydrolytic reactions proceeding simultaneonsly accord- 
ing to the general scheme' — 

+ - — + 

II V + HO X 

+ _ _+ 

(X Y X Y) + II OH 

+ - _ + 

H.X + HO . Y. 

This chaptei has eiideavouied to show that the development 
of an electronic formula, or the translation of a stiuctural formula 
into an electiomc formula, is made possible through the study 
and interpictation, in terms of positive and negative valences, 
of phenomena of ioni/iation, o.xidation-i eduction piocesseg, and 
hydrolytic reactions. The principles thus outlined will be il- 
lustiated fully in subsequent chapters with the purpose of making 
more appaient the enhanced significance of electronic formulm. 
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ELECTRONIC AMPHOTERISM. 

The filst uile relating to the positive and negative valencies of 
an element was proposed by Abegg and Bodlander and sub- 
sequently by Abegg.^"’ These authors developed a theoiy of 
valency accoiding to which any element manifests two kinds of 
valency — noimal and contravalency — of opposite polarity. The 
former is the stionger and coiiespoiids, as its name implies, to 
the accepted valencies of the element The noimal valencies are 
usually positive in metals but negative in non-metals and the 
numerical value is equal to eight minus the numbei of contra- 
valencies. The Peiiodic Classification of the elements furnished 
the basis for the distribution of the normal and contra valencies 

A few years later Friend developed an electronic theory of 
positive and negative valence in which he distinguished between 
(i) free negative valency, (2) fiee positive valency, and (3) re- 
sidual or latent valency. 

Friend defines the fiec negative valence of an element in 
lei ms of its capacity to combine with hydrogen ; “ Since hydro- 
gen is electro-positive and monovalent, only those elements 
which possess a negative valence can combine with it. As 
Ramsay has pointed out this is equivalent to saying that only 
those elements which aie capable of recemng electrons can form 
hydiides” In addition to negative, some elements possess 
positive valency, that is to say, they aie also able to pait with 
electrons. Such elements may be termed amphoteric. Others 
appal ently possess only positive or only negative valency. 

Referiing to free positive valency, Friend states that “the 
numerical value of the positive valency is not so easily determined 
as that of the negative, since we have no negative element cor- 
responding with hydrogen, which combii>es with one atom of 
any othei element in only one proportion”. However, Fiiend 
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suggests fliioiine as the most suitable element foi detei mining 
the maximum positive valency of the elements and maintains 
that “ chlorine, fliioiine, and oxygen are the only elements which 
possess free negative but no free positive valencies 

Finally, Friend’s conception of lesidual oi latent valency 
is quite similar to the '^neutral affinities" of Spiegel and the 
electrical double valencies of Aiihenius, in that latent valencies 
can be called out in paiis of equal and opposite sign. Thus, 
" In Ramsay’s phraseology, this is equivalent to saying that when 
an element exerts its latent valency, it simultaneously parts with 
and receives, an electron. Consequently, the sum total of the 
electrons remains the same, and the electiochemical properties 
of the atom are unaltered ” 

I am constrained to maintain that the foregoing rules of 
positive and negative valencies as proposed by Abegg and 
Bodlander, and by Friend, may be leplaced by a more general 
and more comprehensive rule, namely, that when the given 
valency of an element equals w, that element may function in 
(« + I) different ways. This rule has been illustrated in the 
case of the quadiivalent carbon atom and its typical com- 
Ijounds. In terms of this lule the univalent hydiogen atom may 
function in two ways, i.e., either positively or negatively. Ac- 
coidmgly, hydiogen in hydiogen chloride is positive and the 

electiomc formula of the hydrogen chloiide molecule is H Cl ; 

but, m sodium hydride, if sodium is positive, hydrogen must 
^ _ 

be negative, thus Na H. This is in direct opposition to 

Friend’s statement that "since hydrogen is electropositive and 
monovalent, only those elements which possess a negative 
valence can combine with it”. 

In like manner, univalent chlorine may function in two 
ways ; it is negative in hydrogen chloride but positive, as will 
+ — “ + 

be shown later, in hypochlorous acid, H O Cl, and other 

compounds. This, too, is in opposition to Friend's statement 
that " chlorine, fluoiiiie, and oxygen are the only elements which 
possess free negative but no fiee positive valencies”. Chlorine, 
at least, possesses positive valence as will be shown subsequently, 
The capacity of a given element to lose and to acquire 
electrons and thereby function in various ways may be termed 
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electronic aniEhoteritm It is now essential to subsequent de- 
velopments to coiisKlei some instances in which the electronic 
amphotensm of hydiogen and chlorine is manifested. Since it 
is generally conceded that hydrogen noi mally functions positively 
while chloiine normally functions negatively, it will be of moie 
paiLicular interest to discuss the reactions and the electionic 
formulre of a few simple compounds in which hydrogen is nega- 
tive, and otheis in which chlorine is positive. 

A. Negative Hydrogen. 

The conception of negative hydrogen is not new. Brodie,'® in 
1850, assumed the existence of a i elation (polaiity) between 
atoms enteiing into combination of such kind that one atom is 
distinguished as positive or negative as contrasted with the othei. 
He repiesented the evolution of hydrogen which occurs when 
copper hydride is treated with hydrochloiic acid, in teims of the 
old equivalents, thus — 

+ - +- + - +- 

CujH + HCI = CUjCl -I- HH. 

This is paiallel to our piesent assumption that both copper 
hydride and moleculai hydrogen may contain hydrogen atoms 
which function negatively. 

It has been noted previously that negative hydrogen ipay 
result through cathodic reduction of positive hydiogen ions in 
the electrolysis of aqueous solutions of acids and precede the 
foimation of molecular hydrogen. Likewise, it may be foimed 
and precede the libeiatioii of hydrogen when metals interact with 
acids or with water. Diiect evidence of the existence of negative 
hydrogen is found in certain leactions of sodium hydride, and 
refeience should be made to the interaction of sodium, on the 
one hand, and of sodium hydride on the other, with water accord- 
ing to equations (l) and (2), respectively ; — 

(1) 2N3 + 2HOH -E- aNaOH + Hj. 

(2) NaH + HOH NaOH + Hj 

From an ionic standpoint these reactions aie lepresented 
thus . — 

+ + 

(1) aNa + 2H -E. aNa + n„. 

+ + '’ 

(2) NaH -I- H -3- Na + 
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A fuither analj'sis of these reactions from an electronic point of 
view lequires that a molecule of metallic sodium be regaided 
simply as a compound of a positive sodium ion with a negative 
electron, the intei action of which with water (i.c, with the 
positive hydiogen ions) corresponds to the following scheme: — 

aNa = 2NaQ ^ aNa + 2 © 

11 + Q II. H + 0 _> H. 

H + H -> H H = Hj. 

In other words, metallic sodium is oxidized to ionic sodium 
through the loss of electrons which reduce ionic hydrogen to the 
molecular state. Analogously, on the other hand, sodium 
hydride is a compound of positive sodium and negative hydrogen 
+ - 

atoms, NaH Hence, the ionic equation (2) above is lepresented 
electionically as follows • — 

Na.H = Na H ^ Na + H 

+ — +- 

H + H H.H = R. 

In othei woids, sodium hydiide may be regarded as an ioiiogen 
which, on dissociation, yields positive sodium and negative 
hydrogen ions The latter combine with positive hydiogen ions 
yielding moleculai hydiogen. 

Further evidence that the hydiogen of sodium hydride 
functions negatively is shown by the formation of sodium foimate 
according to the equation — 

Na.H + CO., HCOnNa. 

An mterpietation of this leaction fiom the electionic point 
of view shows It to be an oxidation-reduction piocess. It has 
been noted previously that each of the four valencies of the 
carbon atom in carbon dioxide is positive while in foimic acid 
one of the caibon valences is negative and the other three are 
positive."*^ It follows, therefore, that when sodium hydride 
interacts with carbon dioxide, one of the four positive valences 
of the caibon atom is leduced to a negative valence thiough the 
reducing action of the negative hydrogen atom of sodium 

* See Electronic formula: on p. 17 
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= 4 

hydi idc. A detailed analj'sis of these changes may be indicated 
schematically as follows ; — 


(i)Na.n Na + H. 

(=) H _> H + 2 0 
- + + - 

{^) CO. - o=^-=-c-^^o 
- + + - 




+ — 

In (i), dissociation of NaH yields Na and H. In (2), the un- 
- + 

stable H becomes H through the loss of two electrons, 20, and 
thereby acts as a reducing agent. Note that (3) illustiates the 
“opening up” of one of the double bonds of carbon dioxide 
presenting one free negative and one free positive valence, so'to 
speak. In (4), the elections, 2Q, liberated in the transition of 
“ + 

H to H, effect the reduction of the free positive valence of carbon 

dioxide to a free negative valence. In (5), the union of Na fiom 
+ 

(i), and of H fiom (2), with the I'espective free negative valences 
of the oxygen and carbon atoms of carbon dioxide from (4), com- 
pletes the electronic formula of sodium formate. 

There is another scheme of interpreting the reaction in 
question. The dissociation of sodium hydride according to (i) 

4. — 

into Na and H, in conjunction with the opening up of the double 
bond in carbon dioxide, as noted in (3), makes possible the diiect 

-f- -w 

additions of Na and H to the free negative and the free positive 
valence, respectively, of carbon dioxide, thus 
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- + - - + 

0=^-C O + Na + H 


The instability of H and its tendency to levert to H 

+ 

(H H + 2 ©) with the loss of two elections which reduce the 
positive carbon valence to a negative valence, is the occasion of 
the transition of the unstable electiomer, containing negative 

" + 4- — — 4- 

hydiogen, 0--==C O Na, to the stable electroniei, 

1 " 

— + t" “ — 4- 

C=C 0 Na, sodium formate. It is at once evident 

- + I - 

+ 

H 

4- - 

that in the change from the unstable electromer (NaO,C H) 

to the stable electromer (NaOjC H), the H of the former 

has been oxidized to H in the latter , and, simultaneously, the 
positive carbon valence of the foimer electromer has been re- 
duced to a negative valence in the lattei. Hence this reversal 
of the polarity of the caibon-hydrogen valence affords an 
example of an electromc t7itrantolecul<ir oxulation-i eduction It 
should heie be emphasized that any electionic intramolecular 
oxidation-reduction reaction virtually conesponds to the transi- 
tion of one electromer to another (X Y X Y) previously 

noted (p. 12 ) and defined as electronic tautomerism. Whether 
one electromer, or the other, or both, are the products of a given 
reaction will depend upon certain conditions which will be con- 
sidered later. 

Naturally it would be expected that the hydrides of stiongly 
electropositive metals, such as sodium, contain negative hydiogen, 
as has been shown. , It is inteiesting and significant to note that 
the hydride of the non-fnetal silicon also functions as a compound 
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of negative hydrogen. This is attested by the inteiaction 
(liydiolysis) of silicon hydnde and aqueous potassium liydroxide. 
One volume of the foimer yields in alkaline solution four volumes 
of hydiogen according to the equation — 

SiHi + HOH I- 2KOH _> K..SiOj + 4H,. 

Now, potassium silicate is analogous in composition to potassium 
caibonate, a derivative of caibonic acid in which each of the 
valences of the caibon atom is positive. Accoidingly, each of 
the v'alences of the silicon atom in potassium silicate is assumed 
to be positive. Furthermoie, since neither water noi potassium 
hydroxide acts as a reducing agent in the above equation, it 
must also be concluded that each of the valences of the silicon 
atom in silicon hydride is positive. Hence the hydrogen atoms 
of silicon hydride function negatively and the above leaction 
from the electronic standpoint is repiesented as follows : — 




In this connection it is woithy of note that silicon and 
carbon, from the standpoint of the periodic classification, belong 
to the same natuial family. Since the non-metal silicon may be 
united to negative hydiogen as shown above, it is natuial to 
conclude that carbon atoms also may hold in comlnnation negatively 
functioning hydrogen atoms This condition will be met in the 
electronic formula of benzene. That thiee of the hydrogen atoms 
of the benzene molecule, C^Hj, function negatively while the 
other tliiee function positively will be consideied fully in 
subsequent chapters. 

In analogy with the hydrolysis of silicon hydride, silicon 
tetrachloride is also completely hydrolyzed in accordance with 
the scheme : — <• 
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Cl 

+J 

— > Sl4 + 4H^C1 

. I ^C1 +1 ^0=-±H 

Cl O^H 

Since chloi ine is negative in hydtogen chloiide, it follows that 
the chloiine atoms in silicon tetrachloride are also negative. Of 
course, the hypothetical oitho-silicic acid loses water yielding 
meta-silicic acid, which in tmn gives the anhydride, silicon 
dioxide . — 
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In silicon hydride and silicon tetrachloride, hydiogen and 
chloiine respectively function negatively. Compounds and le- 
actions will now be considered in which chlorine functions 
positively 


B. Positive Chlorine. 

It has been noted (p. 15) that positive chlorine ions may 
arise during the electrolysis of hydrochloric acid thiough anodic 
oxidation of negative chlorine ions and precede the foimation of 
moleculai chlorine. Apart from the phenomena of electrolysis, 
positive chlorine ions may exist and as such function in the pro- 
duction of hypochlorous acid thiough the interaction (leversible) 
of chlorine and water accoiding to the equation, 

Clj -I- HOH HCl + HOCI, 

which is represented ionically and in terms of electionic formula; 
as follows : — 


HOH =. H- 



THE ELECTRONIC CONCEPTION OF VALENCE 


The chloiine atom in hypochlorous acid is positive and the 
imtahility of hypochlorous acid and its oxidizing properties may be 
attiibuted to the tendency of positive chlorine to revert to the more 
stable negative chlorine. It has been shown that negative 
hydiogen acts as a leducing agent thiough the loss of elections 

and theieby reverts to positive hydiogen : H - 30 H On the 
other hand, positive chlorine acts as an oxidizing agent thiough 
the acquisition of electrons and theieby reverts to negativfi 
chlorine . — 

+ 

01 + a Q -> Cl. 

The decomposition (accelerated by the action of light) of 
dilute aqueous solutions of hypochlorous acid, yielding fiee 
oxygen and hydrochloi ic acid, according to ‘the equation, 
2H0C1->2HC1 + 0», may be interpreted ionically and elec- 
tronically as follows : — * 

+ -- + _^+ -- + 

(1) II 0 Cl H + O + Cl. 

(2) o" o" + 2 0 . 

(s) Cl S 2 0 -> Cl. 

(^} Cl + H — Cl. 

Equation (i) indicates complete ionic dissociation of hypo- 
chlorous acid, In (2) the oxygen ion thiough the loss of two 
electrons is oxidized to the atomic or electiically neutral state 
+ - 

O, or O This oxidation is effected by the positive chlorine 

ion. Cl, which through the acquisition of two elections becomes 
a negative chloiine ion as noted in (3) In (4) the resultant 
negative chlorine ion unites with the positive hydrogen ion from 
(i), to give hydrogen chloride. This detailed interpretation may 
be abbreviated to conform to the scheme of an intramolecular 
oxidation-reduction reaction : — • 

^^+~o~+ci + - 

L 2 H + 2 CI + 2 O J 2H ci*+ o--=o. 
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The first electromei, H O Cl, is converted to the secojid 

-j. _ ^ „ 

electromer H O Cl, through the reduction of Cl to Cl 

and the concomitant oxidation of O to O. The second elec- 
+ - + - + - 

tromer, H O Cl, yields H Cl and moleculai oxygen, 

+ — 

0=0, Anothei electiomc formula foi oxygen is possible, 
namely, 0— -O, but it is iirelevant to the explanation which 

•i* — 

formula is assigned to molecular oxygen. 

In presenting these interpretations, it should be remembered 
that it is no more possible to picture the absolute mechanism of 
a chemical change than it is to present a final explanation in 
science. Each of the preceding inteipietations of the decomposi- 
tion of hypochlotous acid involves one and the same fundamental 
principle, namely, the tiansition of positive chlorine to negative 
chloiine through the loss of elections. Fuitheimore, this tiansi- 
tion selves to explain the oxidizing action of hypochlorous acid. 
In some reactions (to be described later) hypochlorous acid 
yields, through dissociation, negative hydroxyl and positive 
chlorine 10 ns — 


+ — — + — + 

H O Ci ^ HO CL 

+ — 

Oxidation is effected through the leduction of Cl to Cl as noted 
above. In other leactions, hypochlorous acid undergoes intia- 
moleculai oxidation-i eduction and yields neutial or atomic (the 
H — 

so-called “ nascent”) oxygen, O, which in turn effects oxidation 

through its reduction to O In otlier words, positive chlorine or 
neutral oxygen atoms effect oxidation through tiansitions (i) 
and ( 2 ) respectively : — 

(1) Cl + 2 © -> Cl. 

(2) + 2 0 O. 

In terms of the electronic conception of positive and negative 
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valences, transition (i) is fundamental to the decomposition of 
hypochlorous acid and to its action as an oxidizing agent 

Since the acquisition of a given number of negative electrons . 
is electrically equivalent to the loss of the same number of equi- 
valent positive charges, transitions (i) and (2), respectively, may 
be indicated thus ; — 


(1) Cl Cl + 3 

(2) 'o' "0" +3 @. 

Apropos of the electronic formula and piopcrties of hypo- 
chloious acid, the existence of positive chloiine ions is substan- 
tiated by the apparently anomalous fact that on electrolysis 
concent! ated sol/itious of hydrochlonc acid yield equal volumes of 
hydiogen and chloiine at cathode and anode lespectively, but, o;i 
the other hand, veiy dilute solutions of the acid yield hydrogen 
at the cathode but no free chloiine at the anode. Instead an 
equivalent amount of oxygen is evolved, Ostwald states that 
" this is due to the fact that the water is decomposed by the 
chlorine with the formation of hydrogen chloride and oxygen 
according to the equation aHjO -t- 2Clj = 4HCI + O3. This 
process, it is true, takes place with measurable velocity only in 
the light ; we may, however, assume here, as in similar cilses, 
that the process takes place without light, only very slowly,” 
Ostwald’s explanation should be modified and extended because 
he has not taken into account the fact that the liberation of 
oxygen fiora a solution of chlorine in watei is due, most likely, 
to the intermediately foimed hypochlorous acid according to the 
generally accepted equations ■ — 

2 C 1 , + 2HOH aHG! + 2HOCI; 

2H0CI 2HCI + O2. 

In view of the electronic interpietation of the liberation of 
oxygen fiom hypochlorous acid, it follows that the evolution of 
oxygen at the anode duiing electrolysis of very dilute solutions 
of hydrochloric may be due to the following changes. Negative 
chloiine ions are oxidized at the anode to positive ions • — 

- H- - t ^ 

Cl Cl + 3 0 , 01 Cl + 2 0 _> Cl. 
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The dissociation of water, though extreioely slight, yields 
hydiogen and hydioxyl ions which latter migrate to the anode 
and theie encounter a much greater concentration of positive 
chlorine ions The production of hypochlorous acid thiough 
the union of the negative hydioxyl and the positive chlorine 
ions, and its decomposition, as previously explained, fully ac- 
counts for the liberation of oxygen. Or, in equivalent terms, 
this change may readily take place through the oxidation of the 
hydroxyl ions by positive chlorine ions at the anode, thus • — 

2H0 -> 2II 
2CI -6 2CI 
or summarized biiefly. 

It IS evident that this oxidation would proceed only in very 
dilute solutions of hydiochloric acid, i.e., in the piescnce of a 
very low concentration of hydrogen Ions. Concentrated solu- 
tions of hydiochloric acid yield no oxygen on electrolysis 
because the high hydiogen ion concentration obliterates the 
+ “ 

hydroxyl ion concentiation (H + OH -> H^O). Hence in the 
absence of hydroxyl ions, the positive chlorine ions combine with 
the negative chloiine ions yielding molecular chloiine In this 
way, the electionic conception of valence affords an interpretation 
of the appaiently anomalous results obtained in the electiolysis 
of dilute and of concentrated solutions of hydrogen chloride. 

C. Chloramines. 

Not only hypochlorites but other compounds contain positive 
chlorine Selivanow'- noted the fact that the chloiamines, 

* In simpler terms this change may be regarded, in a final analysis, as the action 
of positive chlorine ions upon negative ovygen ions — 

aCl + 2 O _> 2CI + O3. 

In this connection it is noteworthy that Nernst^* regaids the action of chlorine 
upon oxygen 10ns, molecular oxygen being liberated, as analogous to the action of 
chlorine upon bromine ions, molecular bromine being liberated. In terms of 
electronic formul® this latter change is reduced to the equation — 

+ — + — - 
(CI3 = Cl. Cl) + 2Br (Br.Br = Brj) + aCi. 


+ 2 0 + - 

I 2H Cl + Oj. 

+ 4 ©) 

2HO + 2C\ -> 2H -b 2CI -b Oj. 
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E.NHC1 and R^NCl, on hydrolysis and interaction with hydiogen 
iodide suffered replacement of theii chloiine atoms, not by 
hydroxyl, but by hydrogen, and that two equivalents of iodine 
were liberated for each equivalent of replaced chloiine, thus 
RjNCl + 2HI R..NH + HCl + Ij. 

Selivanow attributed this remarkable reaction to the fact that 
the chlorine atom in chloramine existed as “ hypochlorous 
chlorine Accordingly, the above reaction is peifectly analogous 
to the action of hypochloious acid upon hydrogen iodide — 

HOCl + zHI HOH + HCl 1- Ij. 

In teims of electronic formulae, hypochlorous chlorine is positive 
chlorine,* and, therefore, the chloramine should yield positive 
chlorine on dissociation • — 

R.,NC1 RjN Cl RjN + Cl. 

Hence 111 the above reaction. Cl oxidizes the negative iodine ion 
+ 

of the hydnodic acid to I which in turn unites with I to form 
molecular iodine An analysis and summaty of these changes 
is given in the following scheme ; — 

+ 

Cl + 2 Q -5. Cl 

I - 2© t 

1 + ~l ^ (1—1 = h) 

+ - - 

Cl + 2l Cl + h. 

Accoidingly, the analogous reactions (i), and (2), 

(l) R^N . Cl + 2H . I _!► R,,N . H + H . Cl + Ij, 

(3) HO . Cl + all . 1 H . OH + H . Cl + I„ 
aie lepresented respectively in abbreviated electronic formula as 
follows ; — 

-+ +- -+ +- +- 

(1) RjN . Cl + 2H . I -> R„N . H + H . Cl + I . I. 

-+ +- -+ +- +- 

(2) HO . Cl + 2H . I HO . H + H . Cl + I . I. 

* The antiseptic .action of Dakin’s solution and his siiloramines is undoubtedly 
due to positive chlorine. 
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Each of these reactions involves one and the same change, 
namely . — . 

Cl + -> Cl + Ij. 

The existence of positive chlorine in the chloiamines is 
further attested by a reaction for their preparation, namely, the 
action of hypochlorous acid upon amines. These leactions have 
been shown to be leversible: — 

-+ +- 
R,,N . H (- HO . Cl RjN .Cl + H . OH. 

Fuithcimoie, molecular chlorine is libeiated when the chloramines 
interact with hydiogen chloride • — 

R^N.CI + H,CI ^ R..N.H + (Cl Cl = CL) 

Othei remarkable pioperties of the chloiamines which have a 
direct bearing upon the constitution and elcctionic foi inula of 
benzene will be considered later 

D. Positive Bromine, Iodine, and Cyanogen. 

Halogens other than chloiine manifest the piopeity of 
electronic amphoteiism This is shown by a number of 
hydrolytic reactions Thus tetiabromomethane and tetiaiodo- 
methane yield bromoform and iodoform lespcctively : — 

• -+ +- — + — + 

BfjC.Br + H.OH Br,C.H + HO Br 

- + + - - -I - + 

IjC.! + H.OH -i. IjC.H + HO. I. 

Hypobiomoiis and hypoiodous acids respectively embody positive 
bromine and positive iodine. 

Iodine inonochloi ide yields hydrogen chloride and hypoiodous 
acid in which chlorine and iodine aie respectively negative and 
positive : — 

+ - +- +- - + 

I. Cl + H OH H Cl + HO. I. 

Nefs'-* observations that (i) chloiocyanogen yields hydiogen 
chloride and cyanic acid, while (2) lodocyanogen gives hypoiodous 
and prussic acid, show that the cyanogen ladical, similarly to the 
halogen atoms, may function eithei positively or negatively ; — 

-H- +— +— ~ + 

(i) Cl . CN + H.OH H . Cl + HO . CN. 

H-— _ + - — + +- 

{2) I.CN + H.OH -a- HO. I + H.CN. 

3 
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Thus, there are numcious instances amongst compounds 
classed as non-electiolytes in which i?olarity of atoms and ladicals 
is definitely manifested. These examples are leadily interpieted 
and correlated in terms of the electronic conception of positive 
and negative valences. The reactions just cited aie but a few 
of the noteworthy examples of electronic amphoteiism. Ordinary 
equations and customary formulae do not reveal the significance 
of these relationships. 



CHAPTER V 


THE NASCENT STATE. 

The so-called “nascent state” is intimately related to, and may 
be inteipieted in teims of electronic amphoterism. Nascent 
action, according to common usage, is a tcim""^ for “all those 
phenomena in which a substance at the moment of its liberation 
fiom compounds perfoims reactions it is incapable of in its 
ordinary condition”. Thus, to cite a simple and well-known 
case hydiogen has no action on silver chloiide suspended in a 
''■quid thiough which it is bubbled , hydiogen evolved within the 
liquid, dcctrolytimlly oi hy action of metals, pioduces metallic 
silvei , hydrocliloric acid being formed at the same time. 

Concerning the various mtei pietations which hav'e been 
pioposed for such reactions, Alexander Smith ““ writes as follows • 
" The term nascent hydrogen is used m diffeient senses in a 
very confusing way. (i) It may mean nascent, literally, that is, 
newly born or liberated. (2) It is used also to mean different- 
fiom-oidmaiy, 01, in fact, an allotiopic foim of hydrogen. (3) It 
is often limited to mean one jDaiticiilar allotrope, namely, atomic 
hydrogen. (4) It is used by Haber and otheis ... to mean 
hydrogen activated by contact with a metal. (S) Finally, its 
activity is explained as being due to the larger amount of free 
energy contained in zinc plus acid plus reducing agent, as com- 
pared \vith the free hydiogen plus reducing agent. The last is 
identical with the explanation of the activity of oxidizing agents 
The word nascent is, of course, a misnomer, excepting in con- 
nection with (i)” 

A more comprehensive and conciliatoiy view of the nascent 
state and of nascent action may be developed in teims of the 
electronic conceptions of oxidation and reduction. Ordinarily, 
hydrogen functions positively while chlorine functions negatively, 
but in certain compounds, or under special conditions, previously 
described, hydrogen may function negatively and chlorine po.si- 
tively, Furthermore, negative hydrogen has been shown to act 
35 3* 
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as a leducing agent since it natmally tends to revert to its moie 
staJjle state, positive hydrogen, through the liberation of elections 
( 0 :- 

(.) H _> H + a ©. 

On the other hand, positive chlorine acts as an oxidizing 
agent, since it naturally tends to become negative by acquisition 
of electrons (2) . — 

(.) Cl + a © Cl. 

A closer analysis shows that an electrically neutral state, i e., 
the atomic state, is a condition to be consideied in the above 
tiansitions (i) and (2). This is shown in the following schemes 
(3) and (4) lespectively • — 

( 3 ) H H + © , H H + ©. 

(.i) ci + © -> Cl i Cl + 0 ci. 

Now, if the atomic state and the nascent state aie to be 
legal ded as synonymous, then they may be defined, from the 
electronic standpoint, as an unstable condition which manifests 
not only an adaptability but also a tendency either to gain or to 
lose electrons and thereby attain a moie stable condition This 
tendency, however, can not be limited to the atomic state of dn 
element, since not only atomic or neutral hydrogen, but also 
negatu'e hydrogen tends to lose electrons A survey of equations 
(i) and (3) indicates that a negative hydrogen atom may be more 
potent as a reducing factor than a neutial hydiogen atom since 
the former yields two electrons and the laltei only one in the 
transition to the positive state. The activity of negative hydrogen 
as a 1 educing agent has been illustrated by the action of sodium 

4 - — 

hydride (Na. H) upon carbon dioxide. The pioduct of the 
reduction is sodium formate. It may also be concluded that 
eithei negative or neutral hydrogen atoms produced at the 
cathode may function as the active reducing agent in the so- 
called electrolytic reductions 

On the other hand, positive chlorine is a more potent 
oxidizing agent than is atomic or neutral chlorine since the 
former unit may combine with two electrons while the latter 
unites with only one in the transition to negative chlorine, as 
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indicated in equations (2) and (4) above. It has just been 
shown, in the preceding chaptei, that the foimation of posifive 
chloiine ions at tlie anode would account for the libeiation ol 
oxygen during the elcctiolysis of very dilute solutions of hydio- 
chloric acid (low hydiogen ion concentration) according to the 
abbreviated equation • — 

+ _ 

2CI + 2OH 2H + 2CI H- o... 

Theiefore, fiom these briefly developed points of view, the 
nascent state may be defined more compiehensively as an unstable 
condition of a substance which manifests both an adaptability and 
a tendency to lose electrons, or to gam electrons, and thereby revett 
to a more stable condition. If the substance {ion, atom, or compound) 
loses elections it acts as a reducing^ agent If it combines with 
elections, it acts as an o.vtdt icing agent. As a matter of fact, 
practically all actions classed as “nascent” are of an oxidation 
or a reduction type. 

This conception of the nascent state serves as the basis for 
an interpretation of the existence and the properties of “ free 
radicals” to be fully consideied in a later chapter. It will be 
shown that free radicals may be defined as electrically neutral 
atoms or molecules which are capable of developing either positive 
o 7 ' negative valences depending upon certain conditions which 
affect the loss or gain of electrons 



CHAPTER VI. 


IONIC AMPHOTERISM 

Elements which gain 01 lose electrons and thereby function m 
diffeicnt ways aie teimed amphoteric. Compounds aie desig- 
nated as amphoteiic when, thiough different modes of ionization, 
they function either as acids or as bases. Accordingly, electronic 
amphoterisni lelates to elements while ionic amphoterism relates 
to compound'^ It is essential to subsequent developments tp 
consider biiefly the phenomena of ionic amphotei ism from the 
point of view of the electronic formulie of amphoteric com- 
pounds. 

While hydrogen may function negatively and oxygen posi- 
tively, it will be found that in the electronic foimulm of most 
compounds the hydiogen atoms manifest one positive valence 
while the oxygen atoms display two negative valences Tbe 
+ ~ “ + + 

simplest ill ustiation is that of water, H O H ^ H + OH. 

Though very slightly dissociated, water displays ionic amphotei ism 
in yielding positive hydiogen ions, characteristic of all acids; 
and negative hydroxyl ions, typical of all bases Thus, water 
has the unique distinction of functioning both as a very weak 
acid and a very weak base 

Ionic amphoterism is manifested by both acids and bases 
(metal hydroxides). Stieglitz*’' maintains that "pronounced 
amphoterism is shown by a large number of metal hydroxides , 
it is, perhaps the rule rather than the exception ”. It should be 
added that many acids also show pronounced ionic amphoterism 
as is evident from the distinctive types and products of inter- 
action. For example, hypochloious, nitric, and sulphuric acids 
yield not only (i) positive hydiogen ions but also (2) negative 
hydroxy] ions. From this point of view, the electronic formula: 
of these acids and tlieir ionization, either (i^ as an acid, 01 (2) 
as a base, respectively, are indicated in the following schemes : — 
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H I OCl 
ifo f Cl 
H + ONO^ 
ifo -I- 

H -I 5^H — > 2^ (- s6^ 

iFo + SO^H — > 2H0 -h 

A general elcctionic foumila may now be employed for each 

+ 4- 4-4- 

of these acids, namely, H O X, in which X = Cl, NO.,, 

or SO3H. 

In neutialization leactions HOX, dissociating as an acid, 
inteiacts with bases, say NaOH, accoidiiig to the ionic scheme 
foi double decomposition reactions • — 

+ - — t- ^ + — 

H- 0- -X ^ H + OX 

Na 0 H ^ HO Na 

^ \ 

+ -- + +-- + 

H 0 - H Na— 0 X. 

On the other hand, when hypochloroiis acid acts as a chlorin- 
ating agent, or when nitric acid acts as a nitrating agent, or 
when sulphuric acid functions as a sulphonating agent, the acids 
dissociate as bases The chloiination, nitiation, 01 sulphonation 
of benzene likewise would confoini to the ionic scheme for a 
double decomposition reaction • — 

+ - - + - + 

H 0 X HO + X 

- + ^ + 

H + CuHe 

i I 

+ ” — + — 4. 

H O H CoHg X. 

The preceding schemes illustiating (i) acid and (2) basic 
dissociation of HOX are summarized in the following leactions ; — 




H~0^ 


in 

.( 2 ) 
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+ ” +— +— H- — 

(1) H . OX H- Na . OH ^ H OH + Na . OX. 

— + — + +— — + 

( 2 ) H 0 .X + ^ H.OH + CgH^.X. 

It should be noted that in direct substitution leactions, i e., 

+ + 

when X replaces H as in equation (2). X usually leplaces H. 

Such a change involves neither oxidation nor reduction The 
substituent, however, may, subsequently, under certain conditions 
function negatively. In such instances (to be piesented later) 
the compound CjHj.X manifests the phenomena of electiomc 

— + 4- ■“ 

tautomerism (C^Hj . X =1^: CbHs . X). 

The oxidizing action of certain oxygen acids is due un- 
doubtedly to their capacity to ionize as bases.’*® The oxidizing 
action of hypochlorous acid has been explained in teims of its 
- + + 

basic ionization, HO . Cl ^ HO -f Cl, and the tendency of Ci 

to level t to Cl, thus . — 

ci + 3 © -5. Cl, 

The oxidizing action of nitric acid may be attiibuted to 
basic dissocation Foi example, the oxidation of a ferrous salt 
is usually lepresented by the molecular equation-. — ^ 

sFeSOj + HaSOj + 2HNO3 FejiSO.), + alljO + 2N0/ 

- + — + 

If the nitiic acid ionizes as a base, HO . NOj ^ HO + NOj, 
then the above equation may be written ionically as follows ■ — 

+ + ““ ~ + + + 4 * — 

aFe + 2SO4 + aH + SOj + aHO + aNOj aFe + 3SO4 
+ aHjO + aNOj. 

Eliminating the ions common to each side of the above 
+ " 

reaction as well as the H and OH ions which form water, the 
following simple equation remains ; — 

+ + + + + + 

Fe + NOj Pe + NO^. 

+ 

The positive ion, NOj (resulting from the basic dissociation 
of nitric acid) is discharged by an electron from the ferrous ion, 
+ +■ + ^ 

Fe . Accordingly, NOa is reduced to neutral or molecular 
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NOjj which passes off as a biowii gas. Concomitantly, Fe is 
+ + + 

oxidized to Fe . If sulphuric acid weie not used in the 
above reactions, its part in supplying positive hydrogen 10ns 
would be played by the acidic ionization of the nitric acid. 

As to sulphuric acid, when copper interacts with hot con- 
centiated sulphuric acid accoidingto the equation Cu + sH.jSO, 
= CuSO,, + aHgO + SOj ; one molecule of the sulphutic acid 
undeigoes (i) acidic ionization, the othei undergoes (2) basic 
ionization and (3) the metal copper becomes ionic thiough the 
loss of two electrons • — 



The positive ion, S6_,, is reduced to the neutral state and 
liberated as sulphur dioxide gas. Concomitantly, metallic 

co^Ei is oxidized to the ionic state, Cu . The summation 
of (i), (2), and (3) gives the complete equation foi the reaction. 

Many other reactions are leadily interpreted in terms of the 
ionic amphoteiism of acids Subsequent applications of the con- 
ception of positive and negative valences will involve the prin- 
ciples of electronic and ionic amphoteiism, and the nascent state 
as outlined in this and the pieceding chaptei 




PART II. 

THE ELECTRONIC FORMULA OF BENZENE : SUBSTITU- 
TION IN THE BENZENE NUCLEUS. 




CHAPTER YII. 

THE CONSTITUTION OF BEN2ENE. 

A. The Benzene Theory. 

In 1865 Kekul^“® proposed his well-known formula foi benzene, 
involving the assumptions that the sjx carbon atom s in benzene 
foim a c losed chain or nucleus^ that the' iii^WfcSte is symmetrical^ 
and that each carbon^tonCTs* diregtl^ 

one atom of hydrogen. These assttro'ffiffe{l|^‘ 4 ^*i!^odied in 

the partial structural formula 

H 

H /dv M 

\c/ \c/ 

whicl?, howevei, does not take account of the fourth unit of 
valency of the carbon atoms in the nucleus. The disposition of 
the fourth valence has been the occasion of extended discussion 
and speculation, 

Since 1865 a variety of benzene formula; have been proposed, 
foremost of which are the following ; the unsymmetrical formula 
of Sir James Dewar (1865), the diagonal formula of A Claus 
(1867); the prismatic foimula of A Ladeiibuig'** (1869), the 
“centiic formiilEe" of H E. 'Armstiong ®- (1887), and Baeyei ““ 
(1888). In addition to the foregoing plane foimula;, a number 
of steieochemical configui ations of the benzene comple.x aie 
notewoithy • the octahedial formula of Julius Thomsen (i 886) ; 
W, Vaubel’s configuration (1894) ; the Sachse model (188S) ; 
the dynamic formulae ofj. N. Collie (1897), ^'^d the device 
of B, Konig (1905) 

It IS not the puipose of this monograph to discuss the 
characteristic features of the foregoing benzene theoiies. Their 
4S 
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respective meiits or clemeritb can be determined by a caiefiil 
study of the references cited, which will leveal the fact that none 
of the pioposed foimulm is accepted as complete H. E. Arm- 
sliong summarizes the situation as follows- “The determina- 
tion of the ‘structuie’ of this h3^fliocaibon [benzene] has given 
rise to a laige amount of paper warfare. Two tendencies may 
be said to have been brought out in the course of the discussion : 
on the one hand, the desire to aiiive at a determination of the 
actual stiuctuie, on the other, the desire to devise formulas 
which shall be faithful to the functional behaviour and bioadly 
indicative of the stiuctuial lelationship of the constituent ele- 
ments The Jattei is perhaps the tendency which is now in the 
ascendant- weaie beginning to realize paiticulaily in the case 
of carbon compounds that foimulmaic piimaiily expiessive of 
behavioui — being based on the observation of behaviour ’’ 

Notwithstanding these developments, we are still confronted 
with the fact that none of the proposed formula; foi benzene has 
lent itself to a uniform sj'sternatic explanation of substitution 
in the benzene nucleus and the many anomalous reactions of 
benzene and its derivatives The foremost authority on the 
problem of substitution in the benzene nucleus, A. F Holleman,*** 
has recently written as follows . “ Notwrthstairdrng the fact that 
the problem of substitution in the benzene nucleus hasjieen 
studied intensively enough of late, there still remains a Ihnda- 
rneiital question which has not yet been solved , it is the question 
of knowing the reason why such or such group directs a new 
substituent chiefly to the paia-ortho positions or chiefly to the 
meta positron”. 

The great variety of benzene formulae and their marked de- 
ficiencies 111 interpreting and correlating the behaviour of benzene 
and its derivatives, especially the substitution reactions, has led 
to the generally accepted conclusion that the constitution of the 
benzene nucleus presents a remarkable case which must be dealt 
with in the formulaHon of any complete theory of valence. Hence, 
a critical test of the utility of the electronic conception of positive 
and negative valences may be made by applying the principles 
developed in the preceding chapters to the constitution of the 
benzene nucleus. An electronic formula foi benzene is thereby 
derived. No claim whatever is made that thjs electronic formula 
is the final solution to the manifold problem of the constitution 
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of benzene, but it will be shown that the electionic foiniula of 
benzene and the undei lying principles of the electionic conceptiop 
of valence afford a means of inlerpieting and coiielating many 
hitherto unexplained chemical, physico-chemical, and steieo- 
chemical pioblems presented by benzene and its deiivatives. 

B. The Electronic Formula of Benzene. 

In the benzene foimulm proposed by Kekule, Claus, Aim- 
strong, and Baeyer, lespectively, two of the units of valency of 
each of the six carbon atoms function in the founation of a closed 
homocychc ling oi “ benzene nucleus ”, The third unit ofvalency 
engages a hydrogen atom. T he dispos ition of t he fou i th unit 
of valency led Kekule to piopose the existence of three "olefin ” 
or double bonds in the ling. It is conceded that these are not 
of the sa me natui-e-as-thc double bonds ni the hydrocat bons of 
the olefin series^ In the Chi ns and I.a<leuburg-icixt»»lav_the 
fouith unit of v alency, oi bund, is repiescnted as ducctlv united 
to three ot hei ca rbon atoms Tn the Aiinstrong and liacyeP' 
"centiic’’ formuhe the fourth unit of valency is directed towaids 
a centre This signifies that the six caiboii atoms of the ring' 
liave'a'general a'ttiaction foi one another but they are not diiectly 
united in the usual way by the fouith unit of valency To what 
configuration, then, is the electronic conception of valence to be 
appfed in order to deiive an electronic formula foi benzene? 
The configurations just noted are plane and static • a coinpie- 
hensive benzene configuration must be stereochemical and 
dynamic, 

In a discussion of the meiits of the various space formulie of 
benzene, Stewait^‘ states that “the objections brought against 
the older types of space formulie show that any advance in this 
blanch of the subject must follow the lead given by Kekule 
when he adopted the idea of a system in vibiation as the best 
representation of the benzene rnoTecuIe ^ 'Af^he present day, 
tlfe idea that benzene is one pai ticular substance which can be 
repiesented at all times and under all conditions by the same 
rigid formula finds veiy 'few suppoiters among those who have 
studied the question thoioughly It is becoming generally 
recognized that the benzene molecule is in a state of continual 
vibration, and that the only .satisfactory space formula will be 
one which lepresentl all the other formulae as phases of its own 
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motions, and which may even suggest the possibility of new 
phases as yet nmecogmzcd The main outlines of such a foimula 
have been indicated by Collie , *" and it seems probable that any 
space formula; of benzene which may be pioposed in the futuie 
will agiee with his in essentials ” 

Collie’s well-known space formula of benzene comprises a 
system of six caibon atoms (tetrahedra) each united to a 
hydrogen atom. Movement in this system can take place in 
two ways: (i) Movement of each tetiahedron about its centre, 
(2) movement of each tetiahedion about the centie of gravity of 
the whole system. The plane projections of the symmetrical 
configuiations rendered possible are lepiesentecl by Collie as 
follows ■ — 



First pliase Kekuli’s Centric KekuU’s Last phase, 

formula. formula formula, 


As stated by Stewart, “this space formula for bei^^ne, 
theiefore, is m complete accord both with the Kekul6 and the 
centric formula; showing that they are mutually convertible 
into one another It also shows how the supposed double 
linkages of the Kekul^ foimula shift between the carbon atoms, 
rendering the existence of two o-toluidines impossible But it 
differs from both in that in two out of five configurations there 
are two distinct sets of hydiogen atoms.” . . The Collie 
formulm aie “in perfect accord with the formulm of Ladenburg, 
Claus, or Dewar, or that of Baly, Edwards, and Stewart. This 
adaptability is not possessed in any degree by previous space 
formulae, and it is this which makes the Collie formula superior 
to the others.” 

I f tills pre-eminence be granted to the Collie space formula, 
then it is the formula to which the electionic conception of 
valence should be applied in order to derive the most compre- 
hensive electronic formula for benzene. In'making this applica- 
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tion it will be sufficient, foi the piesent, to considei m detail the 
constituent atoms of onlj’ one of the five inteiconveitible phases, 
of the plane projections of Collie’s space foinuila;, namely, the 
ceiitiic foimula. The deiivation of an elcctionic foimula fiom 
the cenliic foimula will now be consideied. 

The qiiadiiv.ilent caibon atom ni.ij function electiomcally in 
five diffeient w.i)-s — 

+ 1- + + — 

+ cs -C-I- -0+ -c- -c- 

+ + _ _ - 

I. n. III. IV, V. 

If benzene nuclei (centric formul.e) are composed of these 
seveial types of carbon atoms, each nucleus con.sistinpf of thiee 
pans of the combined types I and V., II. and IV., and III. and 
III., .s) inmetiically co-oidinated, then six and only six cenliic 
electronic foiiniilfe, oi electiomer.s, aie possible. Thej^ aie as 
follows — K) • — 



It has been noted that theieaie five plane piojeclion foimulie 
of the Collie space foimul.e loi benzene of which the centiic 
foimula is one. Now since theie aie six cenliic electronic 
fonnuloa for benzene, (A— F), it follows that theie aie six 
timcj as many electionic foimulse foi benzene as theie are plane 
formula; m the Collie system. If we disregard the double bonds 
of the Kekule formulae and the centiic bonds of the centric 
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formula;, an abbieviated electionic formula foi benzene is repre- 
sented thus: — 



Tlris foimula is typical of each of the possible electionic 
foimula; or clectiomeis of benzene. While it has been deiived 
in an a ption manner, so to speak, theie aie, nev’ertheless, pio- 
nounced reasons for its pioposal These leasons aie embodied 
in tlie following distinctive chaiacteristics. 

(i) If the hydiogen atoms inpositions i, 3, and 5 aienegative, 
those in positions 2, 4, and 6 ate positive. Or, since the electronic 
foimula is peifectly symmetrical, if the hydiogen atoms in posi- 
tions I, 3, and 5 function positively, then those in positions 2, 4, 
and 6 function negatively 

(3) The Kekule and Centric formula; of benzene fail to show 
any stiuctural basis foi the relationships existing between oitho- 
and paia-positions m contiadistinction to the meta-positmns. 
The electionic foimula shows at once that if a given hylfiogen 
atom or substituent is negative, then those hydiogen atoms or 
substituents oitho and para to it aie each positive, while those 
meta to it are each negative. Or, if a given hydrogen atom or 
substituent is positive, then those atoms 01 substituents oitho 
and para to it are each negative, while those meta to it are each 
positive. 

(3) From the foregoing, it is evident that the electronic 
formula foi benzene presents,/^; se^ the basis for a definite sub- 
stitution lule, namely, ivhen substituents are of the same sign or 
polarity they ivill occupy positions •which are meta to each other : 
if two substituents ate of opposite sign or polarity they ivill occupy 
positions cither oitho or para to each other. 

(4) Collie’s space foimulae foi benzene, the plane projections 
of which have been noted, show, in two of the five phases, the e.xist- 
ence of two sets of hydiogen atoms, namely, the i, 3, 5- and the 
2, 4, 6-set Concordaiitly, there exists in every electionic formula 
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rheiefoie, lUe entetin<4 positive halogen atom, in substituting a 
positive hydiogeu atom, must likewise occupy a position mcta It) 
the positive carboxyl ladical This icactinn anrl the electiniiic 
foiniula of ben/,enc aic thus conelated, Jnntheimoie, the dis- 
sociation of the halogen molecule into positive and negative 
paits, as indic.ited in the above equation, is a coiifii niation of 
the idea suggested at an eailier date by W A Noyes " that “ if 
we suppose what seems not to be impiobable, that all reactions 
involving the decomposition of molecules are picceded by an 
ionization of the parts of the molecules, it would follow that 
elementaiy molecules as well may ionize into positive and 
negative paits 

C. Transference of Radicals from the Side-Chain to the 
Nucleus. 

Vaiious isomeiic changes, stei cochemical leairangement le- 
actions, ma)' be explained in teims of the electionic conception 
of valence and the electronic formula of benzene The lemark- 
able leanangements chaiacteiistic of the substituted nitrogen 
halides investigated by Chattaway and Oiton aie of paiticulai 
inteiest. Foi example, acetanilide on tieatraent with hypochloi- 
ous acid yields phenylacetylnitiogenchloiide which is leadily 
tiausfoimed into /u/ui-chloroacetamlide. This on treatment with 
hypochloious acid gives paia-chloiophenylacetylnitiogenchloiide 
which is tiansformed into 2 : 4-dichloroacetanilide. Proceeding 
thus, the final pioduct is 2 : 4 : 6-trichloioacetanilide which will 
not undeigo leairangement. These successive changes aie siim- 
maiized in the following scheme in which R = foimjd, acetyl, or 
benzoyl, X = Cl or Br . — 


RNH 

KNX 

RNH 


RNX 

/'\ 

1 1 

/\ 
IlOX I I 

X\ 

— > 1 1 

HOX 

/\ 

1 1 

x/ 

\/ 

\/ 

X 


\/ 

X 

KNH 

RNX 

RNH 


RNX 


r V 




fY 

HOX 

YY 

HOX 

1 f 

\/ 

X 

\/ 

X 

\/ 

X 


\/ 

X 


Why does the entering halogen atom invaiiably migrate to 
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a position in the nucleus para oi ortho to the amino group, pio- 
vided these positions aie unoccupied? Aniline as a denvativc 

I - - -I 

of ammonia, H — — N— -H, may be icpieseiited by the abbievi- 

l; 

H 

+ — 

ated electronic foimula, Cr,H,^ NH„. The radical NH„ is 

negative and accordingly must occupy the position of a negative 
hydiogen atom of the benzene nucleus The halogen atom in 
hypochloioiis or hypobromous acid (X = Cl or Br), has been 
shown to function positively and its interaction with an anilide 
to confoim to the reaction — 

R R 

N 11 + HO X CJIc N X + H.OH 

The following moie comprehensive electionic foimula for 
phenylacylmtiogenhalide follows — 

R.N— X 



Therefore, in the process of transformation into a less labile 
isomeiide, it is self evident that the positive halogen atom can 
exchange positions only with a positive hydiogen atom of the 
benzene nucleus; i.e, in passing from the nitrogen atom to the 
nucleus it must assume either the paia or oitho positions with 
respect to the attachment of the NHo- or RNH - radical which 
functions negatively. When the para and both ortho positions 
are occupied, as in 3,4, 6- tnbromoacylmtrogenbromide, one finds 
that rearrangement is theoretically impossible from the point of view 
of the electronic formula and it cannot he effected experimentally . 
This two-fold conclusion constitutes a proof of the identity of 
polarity of the positions 2, 4, and 6, of the benzene nucleus, each 
of which is occupied by a positive chlorine atom in the trichloro- 
01 tiibromo-phenylacylnitrogenhalidc Furthermore, the posi- 
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tive chlorine atoms of the nucleus resist hydrolysis and in this 
respect resemble the positive chloiine atom in metachloroniticA- 
benzenc which does not undergo hydiolysis. On the other hand, 
recall that the chloiine atoms aie negative in oitho and paia 
chloronitroben/enes which compounds are completely hydroljvcd 
yielding lespectively oitho and paia nitiophenols 

Aniline and phenol, on bromination, aie quickly and quantita- 
tively conv’erted into 2, 4, 6- tiibromoaniline and 2, 4, 6- tribromo- 
phenol, I e,, the biomine atoms occupy positions in the nucleus 
ortho and para to the amino and hydroxyl radicals in the 
respective compounds. These leactions are identical in their 
natuie to the rearrangements which charactciize the substituted 
nitrogen halides. The explanation of these changes in tcims of 
electronic foimulm ate also identical in principle and method 
This follows from the exact similarity existing between the 
electionic foimulre of aniline and phenol: — 


H— N— H O— H 



The negative amino ladical of aniline and the negative 
hydioxyl radical of phenol each contains a positive hydrogen 
atom which is leplaced by a positive bromine atom on intei action 
with fiee bromine or hypobromous acid. On reairangement, 
the positive bromine atom can assume only those positions in 
the nucleus which aie occupied by positive hydrogen atoms 
these aie the positions oitho and pat a to the negative amino and 
the negative hvdto.xyl laduals. Consequently, these substitutions 
and leaiiangements, following in rapid succession, conform to 
the scheme indicated for the substituted mtiogen halides , the 
final pioducts aie 2, 4, 6- tnbromoaniline and 2, 4, 6- tribiomo- 
phenol . — 
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HNH OH 



Many othet leariaiigements involving tianbference of tadicals 
fiom the side-chain to the nucleus, i.e, ftom nitiogen to nucleav 
caibon, confoim to the piececling interpietation. The following 
examples me notewoithy; Hofmann and Martins^" found that 
the hydrochloride of aromatic methylamino compounds at 2 50°- 
350“ suffered tiansfeience of the methyl group from the nitrogen 
to the ditho and para caibon atoms of the nucleus. Thus, 
monoinethylaniline yields ortho-toluidme and para-toluidine, 
and lepetition of the piocess lesults finally 111 the formation of 
2, 4, 6- cumidine • — 

NHa 

CH,P|CU, 

CH,+ 

The nitrosamine of monomethylanihne, accoiding to Fischer 
and Flepp” yields para-nitrosomethylaniline ; and, in similar 
fashion, phenyinitramine, according to Eambeigei,*® changes to 
oitho- and para- nitraniline. The well-known benzidine and 
semidine conversions, and a vaiiety of rearrangements to ortho 
and para positions encountered in the synthesis of many dye- 
stuffs confoim to, and therefore, confirm the electronic formulae 
of benzene and its substitution products It is electronic formula 
only which indicate the way in which these learrangements take 
place: ordinary structuial formulae do not lend themselves to 
an interpietation of these apparently anomalous leactions. 

D. Positive and Negative Carboxyl Radicals. 

Some carbo.xyl radicals of ceitain deiivatives of benzene 
leadily suffer decomposition with the elimination of carbon 
dioxide : — 

R.CO.H R H + CO,. 
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Othei caiboxyl lacUcals, undei the same coaditimis, aie quite 
stable May not this dififeiencc in stabdity he due to a difference 
in the polaiity of the valence which binds the caiboxyl ladical 
to the benzene nucleus? Facts will now be considered which 
show that the polaiity ofthe caiboxyl radical has a definite influ- 
ence upon the propeity of the compounds, or more particularly 
upon the stability of the caiboxyl radical itself A compound 
containing two carboxyl ladicals in positions ortho to each othei 
is found in phthalic acid. Accoidmg to the electionic foimula 
for benzene one of the caiboxyl radicals of the acid should be 
positive while the othei is negative as indicated in the foimula . — 


1 1 



CO^H 

CO^H 


Is theie any expeiimental evidence to justify this difference 
in the attachment of the caiboxyl gioups to the nucleus? 
Baeyer‘“ has shown that the A^''’ A'-'*, and A-’'"’ dihydrophthalic 
acids^yield benzoic acid on oxidation. He attributes this to a 
shock (El schutterung) to the a-carbon atom which causes it to 
lose carbon dioxide, this effect being associated with the change 
from ethylene to cefiti ic linkages, thus • — 


H 


HjC/ \c.COOH HC/ '^C.COOH 


\c/ 


I! , 


lie/ I \c . 

h1/ I CUOH 

■^e/ 


Biuhl,^” in a critical examination of Bacyei’s “ Ei schutterung 
Theoiy,” asks why only one molecule instead of two molecules of 
carbon dioxide is removed fiom the acids in quest-on, and has 
sought to explain the chemical behavioiii of the dihydio acids 
on the simple basis of their difference of stability, which view 
has the advantage of being independent of any striictiual hypo- 
thesis. But Euihl, according to Cohen,” “fails to pciceive that 
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by avoiding any lefeience to stmcture as affecting stability, he 
i? begging the question It must then be concluded that up 
to the present time there is no satisfactory structuial explanation 
as to why only one molecule of carbon dioxide instead of two is 
lemov'cd from the seveial dihydiophthalic acids investigated by 
Baeyer 

The electronic foimula of benzene lequires that substituents 
occupying ortho positions to each other be of opposite polaiity. 
Consequently in the phthalic acids one carboxyl radical functions 
positively and the other negatively as previously indicated. If 
reference be made to the electronic formulm of formic and car- 
bonic acids, it is evident that the caiboxyl ladical in formic 
+ — 

acid is negative (H COOH) while in caibonic acid it is 

— 

positive (HO COOH). Furthermoie, in formic acid three 

of the valences of the caibon atom are positive and one is nega- 
tive. Accordingly, foiinic acid on decomposition oidinaiily 
yields carbon monoxide and watei — 

S-+--+ +--+ ++- 

H C 0 H H-- 0 H + 



0 


The free positive and the free negative valence of the ca'rbon 
atom in carbon monoxide become neutial. In other words, 
carbon in carbon monoxide is bivalent — 

+ + - + - 

c=^o 

- + - + - 

On the other hand, in carbonic acid and its anhydride each of 
the four valences is positive. Accordingly, carbonic acid on de- 
composition yields water and carbon dioxide — 

+ -- - 7 -+--+ +--+ -++- 

H_ — 0 C O -H -> H 0-— -H + 0^==^C==0. 



From the above it is evident that a carboxyl radical which is 
negative corresponds to the stage of oxidation represented by 
the carbon atom in formic acid, which does not lose carbon 
dioxide. On the other hand, a carboxyl radical which is 
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positive conesponds to the stuge of oxidation lepiesented by 
the caibon atom in carbonic acid, which very leadily lose? 
caibon dioxide. Tlierefore, the phthalic acids which eitibod}' a 
negative carboxyl ladical and a positive caiboxyl radical, lose 
only one molecule of caibon dioxide, a lesiilt of the decomposi- 
tion of the positive caiboxyl ladical as indicated in the follow- 
ing scheme ; — ■ 


0 



This explanation may now be extended to the inteipretation of 
many other anomalous phenomena involving the liberation of 
caibofl dioxide fiom various substituted benzoic acids. 


E. Elimination of Carbon Dioxide. 

Cazeneuve f'- in a study of the decomposition of vaiious 
hydroxybenzoic acids found that some of them leadily lose 
carbon dioxide when heated with water 01 aniline, while others 
weie quite stable. For instance, oithohydroxybtnzoic acid 
(salicylic acid) when heated with aniline to 240° in a sealed tube 
gave phenol and carbon dioxide. Parahydioxybenzoic acid 
liUewise gave carbon dioxide but the meta acid suffeied no 
change. The instability of the ortho and the paia acids and the 
stability of the meta acid may be intei preted in lei ms of the 
electronic formula of benzene and the polaiity of the carboxyl 
ladicals. These radicals in ortho- and para-hydioxybenzoic 
acids must function positively, i.e., thej’ coirespond to the state 
of oxidation lepresented by caibonic acid and therefoie may 
yield carbon dioxide Fuithermore, if the hydroxyl ladical in 
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the hydroxy benzoic acids is negative, then the electionic formula; 
fpr the ortlio- and para-hydioxybenzoic acids lequire that the 
carboxyl radicals be positive, while the carboxyl larhcal in the 
nieta acid must be negative. The meta caiboxyl radical being 
negative corresponds to the state of oxidation of foiinic acid 
and, thciefoie, does not lose caiboii dioxide. The con elation of 
these phenomena with the conception of positive ami negative 
valences is expiessed in the following foimulje foi oitho-, para-, 
and meta-lq'droxybcnzoic acids • — 


OH 

OH 

OH 

ji'^Ncooii 

+ /\ + 

Hi iH 

+ /\ + 

H| |H 



h'\^^'C001I 

H t- 

+ COOH 

H+ ^ 

(un&lablc lose c 

arbou clioxidc) 

(stable) 


Fiom the above, a geneial conclusion maybe diavvn, namely, 
that a Caiboxyl ladical either ortho or para to a mgative radical 
IS positive and, therefore, unstable, yielding carbon dioxide zoken 
heated with water or aniline. On the other hand, a caiboxyl 
radical meta to a negative hydroxyl radical is also negative and, 
therefoie, stable, not yielding carbon dioxide when heated with water 
or aniline. 

The above conclusion leceives lemarkable confiimation by 
the recent and numeious expeiiments of Hemmelmayr in an 
extensive research “ Concerning the influence of the nature and 
position of substituents upon the stability of the caiboxyl radical 
in the substituted benzoic acids”. Cazeneuve estimated the 
relative stability of the caiboxyl radicals by comparing tempera- 
tures at which different compounds eliminated caibon dioxide 
Hemmelmayi's method is more comprehensive, in that he heated 
weighed quantities of various acids with either 50 c.c. of water 
or 50 cc. of aniline and estimated quantitatiwly the amounts of 
carbon dioxide liberated In this manner he experimented with 
thiity-nine diffeiently substituted hydioxybenzoic acids. Their 
behaviour in general conformed to the rule mlicated above In 
Ollier wouls, an examination of the formula showed that every 
acid which contained a carboxyl radical either ortho or para to 
an hydro.xy] radical yielded carbon dioxide On the other hand, 
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those acidb 111 which the carboxyl fj^roup was- iieithei 01 the nor 
para, but only meta, to an hydioxyl radical did not yield carbnih 
dioxide Thiity-five of the thiily-niiie variously substituted 
liydioxybenzoic acids confoimed to this geneiali/ation. Among 
thirteen mono-, di-, and tiihyflioxybenzoic acids theie was not 
one exception. Hence, it must be concluded that the electronic 
foimula of benzene and the conception of positively and 
negatively functioning carboxyl radicals affoid an inteipietation 
of the anomalous behaviour of luuncious and diffeiently sub- 
stituted hydioxybenzoic acids, some of which lose carbon 
dioxide while others do not. 

While It is thus evident that positively functioning carboxyl 
radicals lose carbon dioxide when heated with waiter 01 aniline, 
nothing has been found in the literatuie which would indicate or 
explain the mechanism of these leactions. 


F. The Mechanism of the Elimination of Carbon Dioxide. 

In attempting to explain the action of watei oi aniline it 
should be noted that each of these reagents which effect the 
elimination of caibon dioxide contains an uiisatuiated atom, i e, 
oxygen may increase its valence from two to four while nitrogen, 
m aniline and othci amines (or ammonia), may- increase its 
valence from three to five. For instance, the combination of 
aniline witli hydrogen halide may be lepiesented as follows • — 

= II^N + H-^-— X — ^ H— N ^ 

H H \ 

Since Hemmelmayr has found that amines other than aniline 
effect the elimination of caibon dioxide it is advisable now to 
limit this explanation to the unsatmated state of the nitrogen 
atom in amines 

In a leccnt papei I have shown that the unsaturated 
nitiogen atom in the amine, pyiidiue, lends itself to the elimina- 
tion of hydiogen sulphide in a new reaction for the piepaiation of 
thiocarbanilides, according to the equation — 

5 
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/H 

^KNHj + CSj + C„H,N (RNH)aCS + 

‘ \.S1I 

LVIjN^ C,,IIf,N + H.SH. 

NSII 

In other wuitls pyridine cuinbincs with the elements of hvdiogen 
sulphide foiming the unstable pyiidinium sulphide which, decom- 
posing, regeneiates the original pyiidine and eliminates hydiogen 
sulphide. Analogously, it may be assumed that a// unstable addi- 
tiiin compound of an annne and the o-xybcnzoic acid is fanned which, 
decomposing-, tegemtates the amme and Id'oates carbon dioxide. 

Tlic validity of this assumption was put to an expeiimental 
test by employing pyiidine as the amine and chlorocaibonic 
ethylestei as an analogue of an hydroxybeiuoic acid. The 
possibility of the elimination of caibon dioxide fioin chloio- 
caibonic ethylestei is wananled, since all of the valences of its 
carbon atom are positive and so coi respond to the state of oxida- 
tion of the caibon atom in caibonic acid and caibon dioxide 
This follows horn its inteiaction with ivatei — 

_+ +__+ +_ 

O + H O H -a. H 1C + 


C„H, 0 H + 0==C=^0 

- -I- -s -- 

It should be noted, parenthetically, that chloi ocai bonic 
ethylester i.s very frequently, but incoirectly, called “ chloio- 
formic ethylestei ” which implies that it is a derivative of formic 
acid. If such were the case then its caibon atom must possess 
three positive valences and one negative valence in order that it 
coireclly conespond to tlie state of oxidation of the caibon atom 
in formic acid. Its electronic foimula would then be as follows : — 

-I- - + - - -f 

C1 C 0 - C..H„ 

:i: 

o 

This “clectromei " if hydrolyzed could not yield carbon 
dioxide directly. The products would be hypochlorous acid, 
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H O— — Ci, and ethyl formate — 



6 


but, as jubt noted, this is not the case. 

When chlorocarbonic ethylestej is dissolved in an anhydrous 
solvent (caibon tetrachloride, benzene, or toluene) the addition 
of a like solution of pyiidine yields at once an e.vtremely unstable 
addition-compound (white solid, not yet isolated) which spon- 
taneously decomposes, hbeiatmg carbon dioxide and ethyl 
chloiide Experiments weie perfoimed in ordet to deteimine 
quantitatively the extent of the decomposition of vanou.s amounts 
of chloiocaibonic ethylestei by a fixed amount of pyridine. The 
lesults of these experiments aie embodied in the following table, 
w'hich piesents the molecular latios of the interacting substances, 
the quantities employed, the amount of caibon dioxide evolved 
and the conespondmg percentages of the thcoict’cal yields of 
caibon dioxide based upon the latio CO„ . CICO,jC_.H,^. 


Mrtlei.u] 

iar Ratios 

(GramsJ 

' ClCOnC.iHi, 

1 tOriCms) 

(CKa?na) 1 

Per Cent 
of 1 heory 

z CjH.N ■ 

I ClCOjCJ-tj 

395 

i 271 

0-9720 

8.3-36 

2 C.H.N , 

2 CICOA'Hj 

3-95 

i 5't-> 

1-8960 

30 18 

2 C5H,N ' 

3 CICO,,CaH5 

3 95 

1 

2-7305 

82-71 


The reaction mixtme in the flask still contained pyridine 
which effected the decomposition of additional quantities of 
chlorocarbonic ethylestei Hence it must be concluded that the 
pyudine acts as a catalytic agent in effecting the elimination of 
caibon dioxide from the estei Ihioughthe intermediate formation 
of an unstable addition compound. The reactions involved may 
be repieseiited by the following equations- — 


- + +- -+ --i--i----t- 



- + + - -i- - 

-> -1- C^H, Cl + CjHjN. 
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I have found that amines, other than pyridine, also effect the 
riiminalion of cat bon dioxide fiom chloiocaibonic methyl-, ethyl-, 
and piopyl- esteis. Hcmmelmayr has found that amines othei 
than aniline effect the elimination of carbon dioxide fiom vaiious 
hydroxybenzoic acids in which the caiboxyl radicals have been 
shown to function positively. Theiefore, equations perfectly 
analogous to those above may represent the action of an amine 
of the general foimula R3N upon an hydroxybenzoic acid (01 any 
other substituted benzoic acid in which the carboxyl radical is 
positive) as follows: (Equations showing the formation of the 
amine salts of the acids have been omitted as they aie not 
essential to the piincipal changes involved). 

(R = Alkyl, aryl, or H ; X = OH 01 other substituent.) 



- + + - - + 

X.CeH^ 0 


0-==C==O + X.CjHj— 


-H + RoN. 


The foimation of an intermediate unstable compound of the 
amine and the acid depends upon an increase in the valence of 
the nitrogen from three to five. Similarly, the action of water 
in effecting the elimination of carbon dioxide would depend upon 
the formation of an unstable oxonium compound thioiigh an 
increase in the valence of the oxygen atom fiom two to four as 
indicated m the following equations, which are perfectly analogous 
to those above — 


H,o + X C„H^ c_ 


X Cjl-b o 
— + 

X . CrtH^ H 


Thus the electronic conception of positive and negative 
valences not only indicates the nature of the radicals which, 
thiough the action of amines or water, lose caibon dioxide but 
it also affords a possible interpretation of the way in which the 
reactions proceed The theoretical deductions are based upon 
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e.vpGU mental facts and data affoided by the analogous action i 
pyiidine upon chloiocaihonic eth\ le■^tel It U quite couceivabl 
that the elimination of carbon dioihie from catbanuno comfonna 
of the proteins in physiological piocesscs mayconfoim to the l\’pe 
of leactions just dcsciibed. 


G. Positive and Negative Nitro Groups: the Hydrolysi 
of Nitro Derivatives of Benzene. 

■h ~ 

In a compound of the geneial electionic foimula H 

+ — — 4 * 

the atom or ladical X is negative; but m H O X it i 

positive Foi instance, in nitrous acid, H.NO.^, the lutto giou 

IS negative , but in nitiic acid, HO NO.,, it is positive. 

It is gcneially conceded that nitrous acid may exist in tw 
taiitomeiic foims, presumably in equiiibiium — 

H NO,, II ONO 
I. " ir 

The electronic fonmilre of taiitoineis I and II follow — 

Hi- ro"_' 

II 

In foimula I. the nitiogen atom possesses one negative at 
four positive units of valence, the algebraical sum of which 
three positive units If the hydrogen atom is tiansfeired fto 
the nitiogen to the oxygen atom through the opening up of oi 
of the double bonds between nitiogen and oxygen, the followii 
intei mediate structure may lesult ■ — 
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It is assumed that polaiization of the fiee positive and fice 
ifegative unit of valence leaves the nitiogen atom in icsullant 
tautomer II. with three positive units. Thus, it is evident that 
in each of the tautomers, I. and II., the nitrogen atom possesses 
algebraically three positive units of valence, and this maiks tlie 
state of oxidation of the nitiogen atom in^itious acid and the 
mtiites. In either tautomeiic foim the NOj, oi ONO ladical 
functions negatively. 

i On the other hand, m nitiic acid and the nitiates the nitio- 
gen atom is in the state of oxidation lepiescnted hy Jive positive 
units of valence as indicated in the formula — 



Here the NOo radical functions positively. 

It may now be shown that the benzene nucleus may embody 
both positive and negative iiitro groups, and tliat the latter, in 
hydrolytic reactions, yield nitrous acid or nitrites. 

Phenol, when directly nitrated, yields ortho- and para-nitio- 
phenol Phirther nitration yields the two isomeiic I, 2, 4- and 
I, 2, 6-dinitiophenols. Finally, nitration of either of these pro- 
ducts gives the symmetrical trinitro deiivative, picric acid. 
These reactions are summaiized in the following electronic 
equation : — 


OH 

OH 

+ /\ + 

+ /\ + 

Hf - + 

no/ |NOj + - 

+ 3HO . NOj 

+ 3H OH. 

5 '\> 

h'\^h 

11 + 

NOj+ 


In timitrophenol each of the nitro groups is positive, but the 
electionic formula indicates that in tetranitrophenol a fourth 
nitro group in position 3 or 5 would be negative. Now if some 
nitro gioups are positive and otheis aie negative theie should 
be some maiked difference in their behaviour toward certain 
reagents. These conclusions are substantiated by the fact tha't, 
as stated by J, B. Cohen,®® “ the nitro group in nitrobenzene is 
e.xtiemely stable compared with the fourth nitro group in tetra- 
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nitiophcnol, which water will reninve m iihe form ofniliousacKl”. 
Thebe facts aie m perfect at^iecnient with the electionic foirmila 
of tetianitroplienol, the hycholyMb of which yieUls ititrons acid 

-f. _ 

(H . NO,, 01 H . ONO) .iccordiiii^ to the electionic eijiiation : — 
on on 

NO, I |N(\ I - no/ "iNO. I - 

h n on -> 1 H.No„ 

NOj+ NO,jt 

Since direct nitration with iiitiic acid lesults in the faubstitu- 
tion of positive nitio groups, and since in tetraiiitrophenol the 
negative nitio gioup may occupy either of the eiiuivalent positions 
3 nr 5, with negative hydioxyl in position i, it follows that 
substituents in positions i, 3, and 5 aie negative while those 111 
positions 2, 4, and 6 aie positive This is a confiimation of the 
electionic foimula of benzene and the substitution tule. 

It has been shown that halogen and caibosyl ladicals may 
function either positively or negatively, depending piincipally 
upon the lelative positions they may occupy in the benzene 
nucleus. Diiect evidence that when nitio gioups occupy posi- 
tions ortho or para to each other, one of them functions posi- 
tively while the othei functions negatively is shown by the 
replacement of only one of the nitio groups by negative hydio.xyl 
1- - + - 

or oxymethj'l on inteiaction with Na . OH 01 Na . OCH^ and 
+ " 

the concomitant foimation of Na.NO,. For example, i, 2- 
dinitro- and I, 2 , 4-trinitiobeiuenesmteractieadily with solutions 
of sodium hj’dioxide 01 sodium methylate. The iiitro group in 
— — + — 

position I IS leplaced by OH or OCH3, and Na. NOj is foimed. 
These reactions find an interpietation in the electronic foimula 
of benzene and may be summarized in the following ecpiation • — 


NO, OH 
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Other facts which nut only indicate the existence of negative 
uitro gioups but also fuithei substantiate the clecttonic foimula 
of benzene aie locoidecl in the lecent woilc of P. van Rombuigh 
and I. W Wensink'"’ who found that the nitio group in position 
3 of either 2, 3, 4- 01 3, 4, G-tiinitiodimetln'laniline is leadily 
leplaced either bj' an NH^ — 01 NH(CHj) — 


Ntcii,), 


■ ^'no.. 

NOj 

(a. 3. -f) 


N(CH4„ 

/\ 


\/NO, 
NO.j 
(3. 4. <5-1 


gtoiip on inteiaction with alcoholic solutions of ammonia or 
methylamine, respectively. Ordinarily, the hydiogeir atoms of 
ammonia aie positive and the 'three valences of the nitiogenatom 
aic negative. Hence the abbreviated electronic foimulse of 
+ — -1- — 

ammonia and methylamine are H , NH^ and CHj.NH^ Ac- 
cordingly, the replacement of only one of the three nitro groups 


(that in position 3) by NH^ is perfectly analogous to the re- 


placement of NO2 by OH in the reactions given above. P'uither- 
more, the nitro groups in positions 2 and 4 in the 2, 3, 4,-com- 
pound aie regaided as positive since they aic not lejdaceabie 

by NHj They also occupy positions ortho to the replacable 
negative intio gioup of position 3. Again, in the 2, 4, 6-com- 
pouud the nitro gioups in positions 4 and 6 aie also regarded as 

positive since they are not replaced by NHj. They occupy 
positions ortho- and paia-, le.spectively, to the negative nitio 
group of position 3 All of these facts and conclusions are em- 
bodied in and interpieted by the following electionic formulce 
and equations • — 
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N(l'H,)j N(CH,b 


Hf NnOp'- 

NO,|^ \t 1 


Jnii,. 

NO„ + 

NO.-I 


In all benzcnt; formulfE positions 2 and 6 aie equivalent as 
are also positions 3 and 5, Accordingly, the 2, 3i -I" 3- 4> 

b-tiiuitiodu-nethylanilincs (and theii pioducts of interaclton with 
ammonia) coincidentally show that when the substituents in 
positions I, 3, and 5 aie negative, the substituents in positions 
3, 4, and 6 aie positive. This also constitutes a fuither sub- 
stantiation both of the electronic foimula of benzene and the 
substitution lule. 

Additional evidence leading to the above conclusion might 
be described in detail but biief mention may suffice. Recently 
Michele Gina and A Contaich'’® have desciibed a luimbei of 
polynitro deiivativcs of benzene which .sullei replacement of a 
nitio gioup by OH, 0(CH3), NH„, and NH(CT-I.|) with the 
hbciation of niliites In some instances hydiolysis with water 
yields nitious acid anh>dride. In these vaiioiis instances two 
nitro gioups aie adjacent, 1 e,, occupy positions oitho to each 
other, and only one of them suffers repKicement. Giua maintains 
that this behaviour substantiates the lule on the reactivity ol the 
nitro groups in the benzene ling proposed by Koinei and 
Laiibenheimer who attribute the facility of leaction of the one 
nitio group to the adjacence of the two nitro gioups and the 
consequent “ loosening ” action of one gioup upon the other. 
This iuteipietation is not only vague but it fails to take into 
account the highly significant facts that the nitro group is le- 
placed by a substituent of negative polanty, and that the group 
thus replaced is liberated as a nitnte in which the mtm tadieal ts 
also negative. The electronic conception of positive and negative 
valences and the existence of positive and negative nitio groups 
affords a moie satisfactory interpretation, since all of the facts 
noted arc indicated and correlated by the electionic foimula of 
benzene and the substitution lule. Conversely, the facts verify 
the elect} onic formula of bc}ize}ie and the suhstiUdioit ude 

In concluding this chapter, it may be remaiked that the 
electronic conception of positive and negative valences and the 
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electronic foimuKi of benzene affoul explanations of many 
anomalous properties and reactions which are generally classed 
as stereochcmic,il problems The possibility of mterpieting 
some of these properties and reactions indicates that they are 
not necessarily ariomalous or triegulat. Hence it is hoped that 
a further extension of the principles and methods herewith pre- 
sented inaj’ lead to the interpretation and solution of other 
problems 
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AN INTERPRFTATfON OF THE EKOWN AND GIBSON RUI.E 

No single subject in the histoiy of modern chemistry has received 
inoie attention than that of substitution in the benzene nucleus. 
Concerning the intioduction of two and three substituents, the 
foremost authoiity, A F. Holleman,'^'* states that he has found 
1300 meraoiis, and, if we include the foimation of othet poly- 
substituted dei ivatives, this number is inci eased to 3000, 
Many rules and hypotheses have been piopused to coiielatc and 
explain these sub.stitution reactions The foiemost aie those of 
Hubner,*''' Noelting,‘'‘ Aimstiong,''- Biown and ■Gibson,'"’ Collie,"’ 
Lapwoith,''^ Blanksma,"'’ Flurscheim,''' Obermillei and Tschi- 
tschibabin."” 

A comprehensi\e leview of the iiiles and hypotheses of most 
of the foregoing investigations is given by Holloman in his vvoik, 
Die direkte Einftihnng von Subsittuenicn tn den Renzolkttn 
(191c), and in his lectiue befoie the .^ociete Clnmique de France 
(1911) entitled Sut les regies de siihstitution dan^ le noyau hen- 
zenique Despite the immense amount of woik accomplished 
in this field, Holleman states that no rule 01 theoiy has as j’-et 
furnished a satisfactory explanation of substitution in the benzene 
nucleus. “ The question of knowing the reason why such 01 
such group directs a new substituent chiefly to the para-, oitho- 
positions or chiefly to the meta-position, is not yet solved.” 

Of all the rules that have been proposed fm determining 
whether a given benzene monodeiivative shall give a meta-di- 
derivative 01 a mixtme of oitho- and paia-di-deiivatives, that of 
Professoi A. Crum Brown and Dr. John Gibson '"is pie-eminent. 
Quotations from theii original article will describe their rule 

A. The Brown and Gibson Rule. 

“ When a monobenzene deiivative C„HjX is so treated as to 
give a dibenzene deiivative C^H^XY, it is well known that, as a 
rule, this dibenzene derivative is either {a) exclusively, or neaily 
75 
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so, a wcAr-compound, or {l>) a mixtuie o{ ortho- and para- with 
none or veiy little mcta- , and that whetliei the case shall fall 
undei (rt) oi {l>) depends on the nature of the ladical X, and not 
at all, 01 only very slightly, on the nature of Y. 

“We hav'e gone over all cases known to ns, and have foimii- 
lated a rule which holds in all these cases, and is always capable 
of rigorous application, so that, if in any case it should be found 
to fail, no excuse could be found foi it We shall best explain 
oui rule by showing how we apply it We shall wiite in column 
A a numbei of benzene mono-derivatives, in column B the 
radicles replacing one H of QH,,, in column C the hychogen 
compounds of these ladicles, in column D the hydioxycompounds 
of the same radicles, and in column E the letteis ni or o-p ac- 
cording as the mono-dei ivatives give »ieia-o\ a mixtuie oioitho- 
and para- di-dei ivatives. 



B. 

C 


C.H.Cl 

CjHjBr 

C’ li.NH', 

C.HsNO, 

CjH.CCf. 

CsH.CO . H 
C.H.CO.OII 
CjH„SO„ OH 

C„Hr,C0‘ CH, 
CeHjCHj.CO.OH 

Cl 

.Br 

CH, 

Nn„ 

.OH" 

.NOo 

cci; 

col H 

CO . OH 

S0„ . OH 
. CO'. CHj 
.CH3.CO.OH 

HCl* 

HBr* 

HCH « 

HNH„‘ 

HOH'* 

HNO.. 

HCCf, * 

HCO . H 

H CO OH 

HSO., OH 

HCO CH, 

H.CH, CO. OH* 

HO Cl 

HOBr 

HOCH, 

HONH„ 

HO . OH 

HO. NO,* 

HO , CCI, 

HO CO H* 

HO CO. OH* 

HO SOo.OH* 
HO.CO'. CH,* 

HO, CH,,. CO, OH 


“In column C, we mark with an asterisk those substances 
which are not capable, by direct oxidation, of being converted 
into the corresponding hydiogen compounds in the next column, 
and in column D we maik with an asterisk those substances 
which can be foimed by direct oxidation from the conesponding 
hydrogen compounds so that in each horizontal line there is one 
asterisk and one only, either in column C or in column D. By 
direct oxidation we mean oxidation by one step. Thus, no 
doubt H . CHj can be converted into HO . CHj, but not by one 
step of oxidation , whereas H . CO CH3 can by one step of oxi- 
dation be converted into HO . CO CHj. Now it will be seen that 
wherever the H compound is asteiisked, we find o-p in column 
E, and whenever the HO compound is asterislced, we find m in 
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column E. In othei words, when X is naturally to be icgaicled 
as a deiivative of HX, C,,Hj._X giv'es ortho- anti /(7;t7-di-dcii\’ative% 
and when X is natuially to be regaidedas a deiivative of HOX, 
C|,Hf,X gives wcta- cli-dcuvatives Our test by which we detei- 
mine whether X is to be regaided as deiucd fiom HX or HOX 
is, can HX be diiectly, b}' a single oxidi/ing stcji, be conveiLed 
into HOX or not? If it cannot, then X is to be looked on as 
deiived from HX , if it can, then X is to be looked on as deiivcd 
from HOX ” 

Consider now the nitiation of chloiobenzene and the chlorina- 
tion of nitrobenzene in terms of the Brown and Gibson Rule. 
Accoiduig to this uile CjH^Cl is looked upon as a deiivative of 
H Cl which is not directly oxidizable to HO . Cl. Theiefoie 
CflHjCl yields 01 tho- and paia- chloronitrobenzenc on nitiation. 
On the othei hand, C^H^NOj is regaided as a derivative of 
H . NCli which is diiectly oxidizable to HO NO... Theiefotc, 
C,,H;,NOj yields meta-chloionitioben/.ene on chloiination 'ihus 
the expel imcntdl facts and iiile ate con elated What is the 
undei lying cause of this agieement between iiile and fact? 
Blown and Gibson state that theii lule is not a hnv^ " because it 
has no visible relation to any mechanism by which the substitu- 
tion is earned out in one way rather than in another way, but, 
if it IS found to be rigotously applicable it must be lelated in 
some way to a law, and may be of use, both as grouping 
phenomena together and in guiding us to the cause of the 
formation of meta-compounds in ceitain cases and of ortho- and 
paia- m others”. 

The electronic conception of valence and the clectionic 
formula of benzene enable us to show that theie is an under- 
lying cause, a mechanism, .so to speak, by which “ substitution 
is carried out in one way rathei than in anothei way,” or, in 
other words, why some substitution leactions conform to the 
ortho-, paia- type while others proceed accoiding to the meta- 
t)'pe Both the reason and the mechanism become apparent 
when we determine the diffeieiice between X in HX, and X 
in HOX In oui ordinary striictinal foimuke no difference is 
apparent, but fiom the electronic point of view, when H is 
positive and O is negatively bivalent, it necessarily follows that 
X in HX functions negatively while X in HOX functions 

positively as is evident in the electiomc foimulai H — X and 
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H O X. Accoidingly, a mono-substituted derivative 

may be eithei C^Hr, . X, if it is regarded as a derivative of H . X , 

— 'h — + 

01 C„Hr, .X, if it is looked upon as a deiivative of HO . X. 
Therefore (i) when X in CnHjX is negative and the entering 
substituent Y is posiitve, then oitho- and /in:«-cli-derivatives 
result On the other hand (2) when X in C5H5X is positive and 
the enteiing substituent Y is positive, then w^/n-di-derivatives 
aie foimed These piinciples aie embodied in the following 
typical equations; — 


X 

X 

X 


+ /\ + 

- + Hi iY 

Hi'^Nh + - 


+ no Y 0 

ir + H OH 



H \ Jh 


II IIH- Y+ 


H\/« 


Thus, the electronic formula of benzene is correlated with 
the electronic inteipietation of the Blown and Gibson rule, there- 
by showing a visible relation to a mechanism by which substitu- 
tion IS earned out in one wa}' rather than in anothci way. 
Section A of the preceding Chapter VIII, presents conciete 
examples of the above scheme in the nitration of chlorobenzene, 

CfiHjCl, and m the chlorination of nitrobenzene, CnHjNO^. 
The electronic formulae of the products of these interactions, 
namely, ortho- and paia- and meta-chloronitrobenzene, aie 
coi related not only with the methods of their preparation and 
their chemical properties, but also with the Brown and Gibson 
lule. 

In many substitution reactions, ortho-, para-, and meta- 
di-hubstituted derivatives of benzene are foiraed simultaneously. 
An interpretation of these simultaneous reactions necessitates a 
further development of the principle of electronic tautomerism 
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which will be presented aftei a fiirthei analysis of tlic Brown 
and Gibson rule has been consideied. 

B, A Further Analysis of the Brown and Gibson Rule. 

In piesenting a furthei analysis of the Biown and Gibson 
lule It is necessaiy, fiist, to bung out moie fully the hiilden 
significance of the difference between compounds of the type HX 
which aie not dnectly oxidizable to HOX and those which aie 
directly' oxidizable to HOX 

Some wiiteis have taken e.xception to this point of view 
which Brown and Gibson assumed as theii basis of classifying 
substituents For instance, Holleman"' states that the lule 
“although rcmaikable and leprescnting very' well many of the 
observed facts, does not give satisfaction since it depends 
entiiely upon the question of the dnect oxidation ofthe hydiogen 
compounds of the substituents. Thus, at the time (1892) when 
Blown and Gibson published theii iiile, methane, H . CHj, could 
not be o-xidized dnectly to methyd alcohol, HO. CH^, hence, ac- 
cording to the lule, the ladical CHj should direct the enleiing 
substituent to the oitho and paia positions. But since the 
time of the publication of the rule. Bone has pioved that the 
piimary oxidation pioduct of methane duiing combustion is 
methyT alcohol. As a consequence, the radical CHj should then 
direct the entering substituent to the meta position. Tiiis dis- 
covery of Bone renders the lule inexact. While it is perfectly 
tiue that one cannot directly transfoim H Cl to HO. Cl, yet 
on the othei hand no one is ccitain that this will always be im- 
possible ’’ Theiefoie, Holleman contends that with the progiess 
of science the Brown and Gibson rule becomes less and less 
applicable. 

Now this criticism of Holleman is only apparently justified, 
because Blown and Gibson unfoitimatety based their classifica- 
tion of substituents upon the debatable standpoint of the dnect 
oxidizability in one step of HX to HOX It has been shown 
that the chief point of distinction between the two classes of 
substituents is not the direct oxidizability of HX to HOX but 
depends rather upon the electronic inteipietation of the lule in 
conjunction with the electionic formula of benzene, and the fact 
that X m HX is negative while X in HOX is positive. These 
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points of view invalidate HoUeman’s ciiticism of the Brown and 
Gibson mle. 

Furthei light may be thiown upon the natuie of the sub- 
stituents (X) commonly found m the benzene nucleus by con- 
sidering the behavioiu of ceitain HOX compounds as oxidizing 
agents, and the susceptibility to oxidation of ceitain HX com- 
pounds, thus placing the Brown and Gibson classification on a 
different basis Consider, first, a few of those substituents (OH, 
NHj, Cl, and CHa), which Brown and Gibson legarded as 
natuially derived from HX, not directly oxidizable to HOX. 
It is particularly noteworthy that the hydioxyl compounds of 
each of these substituents may function as an oxidizing agent, 
while their hydrogen compounds aie not oxidizing agents in 
the common sense of the word. Furthermore, the hydioxyl 
compounds of these substituents aic less stable than then coiie- 
sponding hydrogen compounds. When HOX functions as an 
oxidizing agent (HOX->HX + O), yielding HX and oxygen 
(either fiee or combined) theie is a change in the polaiity of X 
+ — 

from X to X Tliis change may be represented as involving 
eithei an oxidation of negative hydroxyl ions by positive chlorine 
— + — 

ions (HO . Cl = HO -t Cl H Cl -t O) or an intramolecular 
oxidation and reduction 

(H-1— O— X H— — O— — X H— — X + 6 ) Now, 

since compounds of the type HOX are less stable than those of 
the type HX, as shown by oxidation leactions, and since these 
+ — 

oxidations involve the transition fiom X to X, we may accoid- 
— + 

ingly assume that X is more stable than X. In othei words, 
the tendency foi X to function negatively is more pronounced 
than its tendency to function positively, but it may function 

-f _ — + 

eithei way as its H X and HO X compounds show. This 
may be postulated as a general property of those substituents 
which Brown and Gibson regarded as naturally derived from HX 
not directly oxidizable to HOX. 

In ordei to complete the analysis of the Brown and Gibson 
rule it will be necessaiy to consider from the same points of 
view a few of those substituents, namely, COjH, COH, SO 3 H 
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and NO^, which vveie foimeily vc^aided as belonging to the tyjje 
HOX dciivable by diiect oxidation of HX. In fact, each oC 
thcbc HX cainponnds may be oxidized diiectly to the coiie- 
spondmg HOX compound, but it should be noted that X is a 
cinnplex ladical and the oxidation mvoKcb fiiiulainental changes 
botli 111 tlie inunbei and polaiityof the valences of ceitain atoms 
coinpiising tliese ladicals. These featuies may be illiistiated 
by the dectionic eiiualions for the oxidations in which oxygen 

as 0 functions as the oxidizing agent through the acquisition 
of electrons and the consequent conveision of certain negative 
valences in the radical X to positive valences — 

V _> o + 2 X + 2 @ -> X. 

The complete electionic equations for the oxidation of (l) 
foiiuic acid, (2j formaldehyilo, (8) sulphuious acid, and (t) nitious 
acid are as follows ; — 



u -> 
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o o 



o 


(.() H.NO,, = 





The above oxidations pioceed readily, in fact most of the 
compounds are oxidized directly by atmospheiic oxygen, 
+ - + - 

(Oo = 0==0 30). The tendency for the acid HX to 

change to HOX involves a change in the polaiity of the complex 

- H- + 

radical X fiom X to X, and accoidingly X may be regarded as 
moie stable than X. In other words, the tendency for X to 
function positively (HO . X) is more pionounced than its 
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tendency to function negatively (H . X), but it may function 
citliei way as the hycliogen and h3-dioxyl compoimd.s show. 
The above may be postulated as a geneial piopeilj'- of those 
substituents wliicli Jhown and Gibson legaided as natinallj' 
detived fiom IIOX which lesults fiom the direct oxidation of 
HX. 

Other points of significance, may be noted in Equations I-4 
above In formic acid, equation i, tbiee of the caibon valences 
are positive while the fourth is negative. In carbonic acid, fom 

carbon valences aie positive. Prior to the action of O, formic 
acid is in equilibiium with a tautomeric modification in which 
the carbon atom is bivalent and shows one free positive and one 

+ — 

flee negative v'alence. These fiee valences unite with 0 and, 
either simultaneously 01 subscqiieiitlj , the negative carbon 

valence is oxidized to a positive valence and oxygen (0} thereby 

becomes negatively bivalent (O) The tautomeric modification 
of formic acid, showing a free positive and a free negative 
valence, would through the polarization of these valences piesent 
an illustration of a bivalent carbon compound. 

In this connection it sliould be noted that Stieglitz’* has 
given a detailed account of the oxidation of caibon compounds, 
in particular foimaldehyde, showing by means of the chemometei 
that there is involved an actual transfer of electrical chaiges 
The classification of sulphurous and nitious acids with formalde- 
hyde in the piesent discussion leads to the suggestion that 
certain sulphites and nitiites might lend themselves to similai 
significant demonstrations. 

In Equation 3 note that sulphurous acid (H . SOjH) is 
ordinarily written (HO.SO^H), in which the sulphur atom 
(comparable to the carbon atom above) shows a free positive and 
a free negative valence, and the polaiization of these valences 
renders sulphur quacluvalent ; but, on oxidation to sulphuric acid, 
the sulphur atom becomes sexavaleut. In precasely the same 
manner nitious acid (H . N 0 „) is commonly written (HO . NO) 
in which nitrogen is teivalent, but oxidation to nitiic acid 
rendeis nitrogen qninquevalent Now Equations 1-4 show that 
formaldehyde, formic acid, sulphurous acid, and nitrous acid 

0* 
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belong to the same class and same type of oxidizable compounds, 
^ince the sulphui atom in sulphurous acid increases its valence 
by two on oxidation to sulphuric acid, and since the nitrogen 
atom in nitrous acid likewise increases its valence by two when 
o.xidizecl to nitric acid, it follows, similatly, that the cai bon atom 
in formaldehyde and formic acid must undergo likewise an in- 
ciease of two in its valence when the compounds are oxidized 
to formic acid and caibonic acid, respectively. In othei woids, 
this classification of the substituents and the electronic system 
of oxidation lends further support to, and an electronic inter- 
pietation of, the existence of bivalent carbon compounds. 

The extended inteipietation and analysis of the Blown and 
Gibson lule biings out the following facts — 

I, Ceitain substituents (OH, Cl, Bi, I, NH„, CH^, etc.) lead 
to the foimatiun chiefly of ortho- and paia-deiivatives of benzene, 
because their tendency to function negatively is moie pionounced 
than theii tendency to function positively Thi-s tendency may 

be foimulated thus: X>X., 

3. Certain othei substituents (COjH, COH, SO3H, NOo, 
etc ) lead to the formation chiefly of meta-derivatives of benzene, 
because their tendency to function positively is more pronounced 
than their tendency to function negatively. This tendency may 

be formulated thus • X > X. 

3 The objections which have been diiected against the 
Brown and Gibson rule have been based upon the question of 
the direct oxidizability of HX to HOX. These objections are 
invalid, because the distinction between the two classes of 
substituents rests upon the facts summarized in paragraphs (i) 
and (2) above, and the fact that X in HX Is negative while X in 
HOX is positive. Time distinctions, in conjunction with the 
electronic formula of benzene, show why certain mono-substituled 
derivatives of benzene yield chiefly ortho- and para-di-substituted 
derivatives, while others field chiefly meta-di-substituted derivatives. 



CHAPrER X 


ELECTK(3NIC lAUTOMCKISM 01- BENZENE DERIVATIVES 

In Section D of Chaptei II. and in Section C of Chapter III. the 
conception of eleihonk iautomensm was developed. The puipose 
of the piesent chapter is to considei a number of e.xpeiirnental 
facts and to show that then inteipreta'ion not only fully 
wan ants but al.so demands the assumption of the existence of 
electiomers in dynamic equilibiium, i.e , electionic tautomeiism. 
This conception wa-. fiist proposed by the autlioi in 1908. The 
following uoids”'* embody the definition : — 

"The hypothesis of positive and negative valences suggests 
the possibility of there being at least two distinct types or elec- 
tiomeis of a binaty compound. Hence tuo mono-substituted 
+ — — 4- 

dciivatives of ben/iene, C^Hj X and CjH;, X, should be 

possible while only one is known Theiefoie, if both electromeis 
exist and only one substance is identified, it follows that the 
electromeis lue eithei not ilistinguishable by (present) physical 
methods, or that one electioiner is transfounable into the other 
thiough the tians[ osition of elections ; — 

-X ^ CoHjX CoH, — ^X" 

A study of various hydrolytic leactions compels one to 
assume the existence of '■uch electromeis. As previously noted, 
when a compound, XY, on liydrolysis yie'ds HY and HOX, 

then the c impouiifl is leprcsented by the formula X . Y. The 
hydiol>'tic leaction confoims to the following scheme (n) — 

.4. ~ -f “ -1- ~ _ .|- 

(a)X.Y + H.OII n Y h HO.X 

If, on the othci hand, the conditions of hydtolysis arc such that 
compound XY jn'elds HX and HOY, thi-n XY must possess the 
— + 

foimula X . Y. The hydrolysis conforms to the scheme (/)) • — 

-a +- a- - + 

(i) X.Y + II. OH H.X + IIO.Y, 

85 
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Now it has been found that phenylsulphonic acid, C^Hj . SO3H, 
’bn hydrolysis, in alkahne solution yields sulphuious acid 
H , SO3H, and phenol, CoH,, OH. This reaction confoims to 
scheme {a) thus — 

+ - +— H-— +- 

(a) CJIa.SO^H + H . OH -5. H . SOjH + OH. 

On the other hand, the hydrolysis of the same compound, 
phenylsulphonic acid, in acid solution yields benzene, H C^Hs, 
and sulphuric acid, HO.SO3H. This reaction conforms to 
scheme {li) thus • — 

- + ^ 

(b) CnHg.SO.H + H.OH H.CflHB + HO . SO^IL 

These facts compel us to conclude that phenylsulphonic acid 
+ 

may entei into chemical leactions eithei as C3H5.SO3H 01 as 
— + 

C^jHi.SOjH, From the tautonieiic point of view, pheiiylsul- 
phonic acid may be regauled as an equilibrium mixtuie of two 
elect >onic isomers, 01 electrouiers 

(C0H5.SO3H CjHj.SOjH) 

and any other mono- or poly-substituted derivative of benzene 
may be regaided similaily, as will be shown later 

Consider any mono-substituted derivative of the ‘general 
formula CflHjX which will now be legaided as 

+ - - + 

(CoHj.X CjHs X). 

Indicating only the polarities of the hydrogen atoms of the 
nucleus, the equilibrium is represented thus • — 

X 


H r 

Note paiticularly that the change in the polarity of the sub- 
stituent X involves simultaneously a change in the polarities of 
the hydrogen atoms, but that in each electromer those atoms (or 
substituents) ortho and para to X are opposite in sign to X, while 
those atoms (or substituents) meta to X arc of the same sign as 




-i- 

X 



H- 
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X. This, of coiiise, is the essential featiiie of all of theelcctionic 
f iiimil.e of ben/ene, namely, that hyclioi^en atoms oi snhslituenL«. 
in positions i, 3, ami 5 of any yiven electiomci are opposite 111 
sif^M to the hych itrcn atoms 01 snbstiluenls in positions 2, 3, and 
6 of the same clectroinci , othenvise the symmeti)^, and conse- 
quently the stability, of the benzene miclens could not be main- 
tained A detailed mechanism of the tianspnsition of elections, 
the centiic valences, etc., mvoKetl in the electronic tautomcrism * 
of benzene del ivdtives will be j^iven biter I'oi the pieseiit, the 
simple! foimul.u involvin^r only the hydiogen atoms and sub- 
stituents aie sufticient. In a sirailat manner the clectionic 
taiitomeiism of a di-suhstituted deiivative of benzene, foi ex- 
ample C(jHiXY| in which X and Y aie m paia positions to each 
other, may be lopresented thus — 

X X 

-1 /\ 4 . -/ X - 

llf 11| hll 

H\ ,'H 

Y+ Y- 

When two substituents occupy positions either ortho or para 
to each other they aie of opposite polarity. Hence m the 
elcctionic formula foi a /-dihalugen benzene in which the halogen 
atoms X and Y aie cliifeient chemically, it follows that if X is 
negative, Y is positive , 01, if X is posituc, Y is negative Now, 
in the nitration of a /-di-substituted derivative of benzene only 
two moiio-nitio substitution products are possible, and, from the 
standpoint of the principle o' electronic tautomensm as applied 
to a /-dihalogcn benzene, the nitialion leaction should conform 
to the following general scheme : — 



If the pruuiple\ uudcylying this c^encud scheme ai e toncct, then 
certain definite consequences follow zvlitch should lend themselves to 
verification by cvpcriment. What .ire some of these consequences ? 
If the electromers of C,-,H^XY (designated as A and B) are in 
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tautomeric equilibiiiun and if each electromer interacts with nitric 
^acid, the respective isomers A' and B', should be formed. Note 
particularly that in the isomei A', X is negative and Y is posi- 
tive, while in isomei B', X is positive and Y is negative. In 
view of the facts pieviously presented, notably tlie action of 
sodium hydi oxide or sodium methylate upon o-, and m- 
chloionitrobenzenes, it follows that isomer A' on interaction with 
► + — — 
sodium methylate (Na. OCH3) should exchange X foi OCHjand 

libeiate Na . X according to equation (i) ■ — 


OCH. 

+ - + - 
+ Na . OCH, A" I 

\/ 

Y-l- 

On the other hand, isomer B' should exchange Y foi OCHj 
+ — 

and liberate Na. Y according to equation (2) : — 



Y~ OCH,- 


Furthermore, if electromers A and B are in tautomeric equi- 
librium and nitration yields a mixture of isomers A' and B' then 
the action of sodium methylate upon this mixture should yield 
not only the oxymethyl derivatives. A" and B" (equations (i) and 

-f - 

(2), respectively), but also a mixture of the sodium halides^ Na . X 

-t- — 

aud Na . V. An experimental verification of these piedictions 
would lead to a veiy definite conclusion, namely, that the para 
mixed dthalogen compoutid, C^HjXY, affords an example of elec- 
tronic tautomerism. Otherwise it would be difficult, if not im- 
possible, to account for the simultaneous formation of the mixed 

halides, Na . X and Na . Y, when sodium methylate interacts 
with the products of nitration of the mixed dihalogea benzene. 


(I) A' 

\/ 
.Y + 
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ICxpeiimcnta! facts will now be consicleied which ,ue com- 
pletely in a^neement with the piinciiilcs and cjcneial leactiuns 
jiHt postulated. Holleinan and fleindcen have ni.ulc a 
thoiough study of the niUation (at o') of vaimiib mixed dihalogen 
benzenes Fui the [ircsent, attention will be confined to the 
nitration of /-chlcnobroinobenzenc, which ^ave a mixture of the 
isomers I, 2, 4- and 1 , 3, 4-chloionitrobiomobenzencs. In de- 
veloping a quantitative chemical method foi determining the 
yields of these isomeis in the nitiation mixtme, Hollcman found 
that the i, 3, 4-isomer heated with 035 N sodium methylate 
solution in a sealed tube for five hours at 80" gave p)atttcaUy 
complete displacement of chloiine as sodium chlonde •while the 
hmnme remained intact. The reaction proceeded quantitatively 
(<jS'40 pel cent) according to equation (3): — 


Cl 

/\ 

1 |NO„ 

(3) A' ■ + Na.OCIlj 

OCII5 

f 

■ Na.Cl 

\/ 

\/ 



(n 2, 4-) 


Note that this leaction is peilectly analogous to equation (l) 

given above, in which X becomes Cl, and Y becomes Bi. The 
+ — 

hbeiated sodium halide is Na. Cl. In other words, the i, 2, 4- 
isomer (A') has the electiomc foimula 


Cl 




Otherwise the hbeiation of chloune as Na Cl is inexplicable. 

On the other hand, the i, 3, 4-isomei on intei action with 
sodium methyiate (under identical conditions) suffered practically 
complete displacement of bromine as sodium biomide while the 
chlorine atom remained intait. The leaction pioceeded quanti- 
tatively (gS'OO per cent.) according to equation (4), 
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Cl Cl 

(l) 11' 1 + Na OCHj ■*' 

\ y-NOj ;no,j 

iir OCH, 

(1,3,.!-) 

Note that this reactioa is peifectly analogous to equation (2) 
+ + — — 

above, in which X becomes Cl, and Y is Br, The hbeiated 

sodium halide is Na Br. In other woids, the i, 3, 4-isomer 
(B') has the electionic foimula 

+ 

Cl 


/\ 



llr- 


In no other way can the elimination of bromine as Na . Br be ex- 
plained. 

The quantitative interaction of i, 2, 4- and i, 3, 4-chloro- 
nitrobromobenKene with sodium methylate enabled Holleman to 
determine the relative quantities of these isomers obtained on 
nitiating /-clilorobromobenzene. The sodium chloride and 
sodium bromide liberated weie precipitated as silver chloride and 
silver biomide An analysis of the mixed precipitates gave the 
percentage yields of the isomers calculated upon the ratios of 
AgCl : I, 2, 44somer, and AgBr. i, 3, 4-isomei. These cal- 
culations were based upon equations (3) and (4) which are perfectly 
analogous to the preceding electronic equations (i) and (2), re- 
spectively. The yields of the isomers were 45 20 per cent and 
54 80 per cent, respectively. The complete correlation of all of 
these reactions with the electronic formulae and the principle of 
elect! onic tautomensm is embodied in the following scheme ■ — 
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Cl 



Br + 



H\ )n 


n/\n 


Na OCHj Ilf |II 


ocii,- 


Now a suivcy of the above scheme shows that those molecules 
of I, 4-chloiobromobenzene which iiiteiact with nitiic acid to 
j^ive the i, 3, 4-isomer, which in turn eicchanges its chlorine 
atom for OCH3 and yields sodium chloride, cannot l.e identical 
with the molecules of i, 4-chlr)robiomobenzene which inteiact 
with nitric acid to gi\e the i, 3, 4-isomei, which in turn ex- 
changes Its bromine atom foi OCH3 and yields sodium Inomide, 

In othei woids, the i, 2, 4-isomcr (A'), containing Cl and Bi 
must be derived from molecules of i, 4-chlorobroinobenzene 
- + 

which also contain Cl and Br, ie, eicctiomer A, ami the 
-h — 

1,3, 4-isomer (B') containing Cl and Br, must be derived fiom 
molecules of i, 4-chlorobromobenzene which also contain Cl 

and Br, i.e., electromci B. Thus the existeme of tioo tyj'cs of 
molecules ofl, e^-chlorobromobemsene, namely, duti outers A and VS, 
is condusively indicated 2'heir siinultancotis iiUci action with nitric 
acid cleat ly indicates tautomeru equilibi ititit. The lelative yields 
of the isomeis A' and B' aie functions of the speeds of interaction 
of nitric acid with the respective electiomcis A and B, and, as 
will be shown in a subsequent chapter, the speeds of interaction 
aie intimately related to the concentrations of the lespective 
electromeis in the reaction mixture. 
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It will not be necessary to extend this chapter by Riving 
•similarly detailed dcbciiptioiis of the nitrations of othei mixed 
dihalogen benzenes, such as /-fluoiochioro-, obromo-, 

/'-chloroiodo-, i^-chlorobtomo-, i;-chloioiodo-, and (i-biomoiodo 
benzene Each example confoims peifectly to the schemes and 
piiiiciples just presented In conclusion, it is maintained that 
each of these cases fiiithcr substantiates the principle of electronic 
taiitomensm or the existence of electromeis in dynamic equili- 
biiuro 

Any objection to the use of the conception of electionic 
tautoraerism on the giounds that electronic isomers (electromers) 
have not as yet been isolated is iinwai ranted because the con- 
ception of tautomeusm, both in itshistoiical and practical aspects, 
neither involves nor demands the immediate possibility of the 
isolation of the tautomeis. In iSSj, Laar,"*' in a paper Uehcr 
die Mfl^luhkeit mehicier Strukturformeln fttr dicselbe chcimsche 
Vetbindung, defined tautomerism as the phenomenon of one 
substance doing duty for two structuial isomers, but the isolation 
of dynamic isomers or desmotropes %vas not effected until 1893, Ihe 
eaihest examples being acetyldibenzoylmethane, tiibenzoyl- 
methane, and mesityloxide-oxalic ester described by Claisen.'^® 
Strictly speaking, the term tautomeric is now applied to substances 
in which only the equilibrium mixture of the structural tmuers is 
known; the term desmotrofic is employed m cases wlieie the 
isomers have been shown to be capable of independent existence.’'’’ 
The existence of electiomeis in dynamic equilibiium has been 
conclusively indicated. Their isolation as electronic desmotropes 
has not as yet been effected. Further discussion of this phase of 
the subject is considered in Chapteis XXIII. and XXI'V. 

The phenomenon of electronic tautomeusm is met repeatedly 
in the interpretations of substitution reactions in the benzene 
nucleus, A number of these reactions is described in the follow- 
ing chapter 



CHAPTER XI. 


THE SIMUL'l ANEOUS FORMATION OF ORTHO-, PARA-, AND META- 
aUBSTITUTED DERIVATIVES OF BENZENE, 

A. Formation of Isomeric Di-substituted Derivatives. 

In the elecUonic mterjiietalion of tlie Biowu and Gibson lule 
(Chapter IX,), the forniatioiis of oitho- and para-compounds on 
tlie one liand, and mcta-conipounds on the othei, weie legaided 
as distinct and separate piocesses because, as a ^'eneial iide, 
a given mono-substituted comjioiind yields chiefly a ineta-di- 
deiivative oi a mi.vtnie of oitho- and (laia-di-dciiv'atives. In 
many substitution reactions isomeiic oitho-, paia-, and meta-di- 
substituted deiivativcs are formed simultaneously. The Blown 
and Gibson iiile does not cover these cases. Consequently it 
becomes necessary to explain (A) the simultaneous formation of 
isomeric ortho-, paia-, and meta-di-substitnted derivatives, and 
also (B) the simultaneous formation of isomeiic poly-substituted 
derivatives of benzene. These explanations involve the elcctionic 
foimula of benzene, the rule of substitution, and the conception of 
electronic isomers or e’ectromers in dynainic equilih inm, t e., elec- 
tronic tautomci ism 

It IS necessaiy, first, to lecall a well-established fact, namely, 
that in a mixture of two isomeis (A — B) capable of changing 
one into tile othei with such readine.ss that the balance between 
them is rapidly restored, the addition of a given substance C will 
result in reaction either with A, or with B, or with both A and B. 
If interaction occurs between A and C, B will be tiansfoimed 
into A on account of the distuibance of the equilibrium The 
mixture then reacts as though it consisted wholly of A. If C 
reacts onl>' with B, the mixture behaves, foi the same reason, as 
though B were the only substance piesent. In some instances 
two simultaneous independent reactions may occui, namely, the 
intei action of A and C simultaneously with the interaction of B 
93 
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and C. In a piecisely similar mannei a given icagent, HO. Y, 
in the ptesence of a tautomeiic mixture of elcctiomeis 

(CnIIj.X ^ C,|IIj X) 

mayieact with the one electiomei oi the othei, or with both 
elect! omers A complete scheme of inteiaction follows — 


X 


A 


H + 




'n 


A' 





ti- 


lt should be observed that if HO . Y reacts only with 

4* “ 

CjjHji. X (electromer A) then only oitho-aiid para-di-substituted 
derivatives (A' and A") aie formed. Such is the case when 
chlorobenzene is nitrated: the products of the interaction aie 

ortho- and paia-chloronitrobenzene If HO . Y reacts only 


with CbHj.X (electiomer B), then only a meta-di-substituted 
derivative (B') results. Such is the case when nitiobenzene is 
chlorinated- the product of the reaction is meta-chloronitro- 

benzene. If HO.Y interacts simultaneously with both elec- 
tiomers (A and B) then ortho-, meta-, and para-di-substituted 
derivatives (A', B', and A", respectively) will be formed. The 
possibility and the extent of these reactions (as in all reactions 
with tautomeiic substances) ate dependent upon several condi- 
tions such as the solvent medium, catalytic agent, temperature, 
concentration of the elect! omers, the speed of transition of one 
electromer into the other, and the respective speeds of interaction 
of the substituting agent with the respective electromers. These 
conditions are the pioblems which confront us in all lesearch 
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involving tautomeis, and likewise will be met m the case of 
electronic tautomeis , 

Having given a geneial -.cheme for the Minnltaneous foiina- 
tion of oitho-, meta-, and paia-di-suhblitnted doii\aHveb, one of 
the many examples whicli ate in accoitl with ami, theiefoie, 
confiim the scheme, should now be consideied For instance, in 
the nitiatinn of toluene, the substituent (X) alieady piesent in 
the nucleus is the methyl ladical which may function cithoi 
positively 01 negatively , but in Section B of Chapter IX. it has 
been shown that its tendency to function negatively is mote 
pronounced than its tendency to function positively, i.e., 
+ 

CH;i > CPI3 Hence, in the tautomeric cquilibiium — 

+ - - + 

C„Ih, Cltj ^ C,II...CII,. 

the formei electiomer would predominate and inteiaction with 
- f 

HO NO.j would lead to a greater yield of 0 - and /-nitiotoluenes 
than of w-nitrotoluene. The piedominance 01 piepondeiance of 
+ - - + 
the electromer Ci.Hj CH3 over the electronic tautoniei C„H; . CHj 
may be coi related with the speeds of leaction with nitric acid , 
i.e., if the foimer electiomer leacts mote rapidly than does the 
lattei electiomer, then the yield of ortho- and paia-mtrotoluenes 
would exceed that of meta-nitiotolucnes. 

The predominance of one electiomer over the other may be 
regarded as equivalent to a gieatei concentiatioii of the one 
electromei. Since concentration is a piincipal factor of the 
velocity of leaction, it is evident that a diiect lelationship exists 
between the piedominance or pieponderance of a given elec- 
tromer and the velocity of the substitution leaction m which it 
is engaged 

The foregoing assumptions are confiimed by experimental 
facts, since toluene wlien nitiated yields 56-00 pei cent, of the 
0 -, 4090 pel cent of the/-, and 3-10 per cent of the w-nitio- 
toluene. The simultaneous foimatioii of the thiee isomeis is 
indicated in the following scheme- — 
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CM, 

+ 

CH3 



A 

^ ® + 

h'\/'h 



H+ H- J 


Hi iNO^ Hi 


iiv 


/II 


Hi 


HH 

5Goo"/„ 

+ 

CHs 


iH 


H\/H 

NO.J + 
40’go 7„. 


H- 

3 10 7 „. 


Heie electromer A piedominates, i e., Us speed of interaction 
U'ltli nitiic acid is greater than the speed of interaction of 
electiomei E with nitiic acid. 

Consiiier now, on the othei hand, the nitiation of benzoic 
acid The substituent (X) already present in the nucleus is 
COjH, whicli may function either positively or negatively, but 


CO^H > COoH, i.e., the tendency for the carboxyl radical to 
function positively is more pronounced than is its tendency to 
function negatively. Accordingly, in the equilibrium — 


CeHj.COal-I CjHn COjH, 

the lattei electromei (in which the caiboxyl radical is positive) 

“ + 

would predominate, and if its speed of inteiaction with HO . NOj 

+ - 

is greater than the speed of interaction between CjHj.COoH 

and HO.NOj, then the yield of ;«-nitrobenzoic acid should 
exceed that of the combined yields of the ortho- and para- 
compounds, These assumptions are confirmed by the facts, 
since benzoic acid on nitration yields 8o'30 percent of the meta- 
compound, 1 8 '50 per cent, of the ortho, and i'20 pei cent, of the 
/-nitiobenzoic acid. The electronic equations conform to the 
geneial scheme given above (p. 94). 

Many other examples of the simultaneous formation of ortho-, 
meta-, and para-di-substituted deiivatives of benzene might be 
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pieseiitcd iti detail. They aie iii complete agieemetit with, and 
accoidingly confiim, the princi[)le of the electiotnc taiitonien.sm ' 
of the electiomeis of the heii/.eiie deinalives, the geiieial rule 
foi .suhbtitution, and the scheme for the siiniiUaneous fonnatioii 
of ortho-, meta-, and paia-di-subslituted deiivatives; of benzene. 

B. Formation of Isomeric Poly-siibstituted Derivatives. 

The piiiiciples undeil3-ing the simultaneous formation of 
poly-snbstitntcd derivatives of benzene ate identical with those 
just given in the preceding section (A) and maj' be illustiated 
bj" consideiing the introduction of a thiid substituent ('Z) into 
(i) an oitho-, (a) a paia-.and (3)a ineta-di-substituted dem ative, 
C„HiXy. 

Scheme {i) — Introiiudion of a Thiul StihsUtueui info ait Otiho- 
di-sulntiinted Dei ivaltve. 

Heic the electionic tautomeiism involves two electiomers of 
an oitho-di-deiivative These electiomeis will be designated by 
the letters A and B while their substitution products will be in- 
dicated by A', A", and B', B", lespcctively. The general scheme 
(i) for the introduction of the thiid substituent Z is as follows . — 


X X 

1 



Theoietically and electronically four tii-substituted isonieis 
aie obtainable, namely, A' and A” from clectiomei A; and B’ 
and B" fiom electromer B. A lemarkable experimental con- 
firmation of this scheme is found in the work of Wibauf'^ who 
showed that the nitration at o’ of ti-chloiotoluene yielded all 
foui possilple mono-nitro-compounds in consideiablc quantit)' 
7 
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The electionic iiitei pi elation is embodied in the following 
equations, which aie iieifectly coinpaiable to the typical equa- 
tions of scheme (i) above The peieent.ige yield of each isomei 
is indicated beneath its appropiiate electionic foimula — 


Cl 

Cl 

+ /\ -1- 
NO/ 1CH3 

n|^\ 

A' 

A" 


h'\^i 

H + 

NOy 

iS So°/„. 

43 ‘lo ° 

+ 

+ 

Cl 

Cl 

Hi^^CH, 


D' 

B" 

H- + 

+ 

Il^^y-NO, 


H- 

H- 

-20 70 7 „ 

i 7 'oo"/ 


- + - + 

It has been shown that CI>C1, and CHj>CH3, i,e, , the 
chlorine and methyl ladicals may tend in general to function 
negatively rather than positively, but in n-chlorotoluene (either 
electromer A or B) the substituents must be opposite in polarity. 
This leads to the consideration of a significant question, namely, 
will the polarities of the sub^tiiuents pcsent in the nucleus prede- 
tci niine in any way the relative quantities of the isoniei ic deriva- 
tives which are formed ? In the simultaneous formation of the 
isomeric di-substituted derivatives of benzene the polarities of the 
substituents and the tendencies of certain substituents to function 
in one way rather than in another way were shown to be related 
to the relative quantities of the isomers (ortho and para on the 
one hand, and meta on the other) which were foimed. Now in 
the case of o-chlorotoluene the two substituents present naturally 
tend to function negatively, but, since one must function nega- 
tively while the other functions positively, another perplexing 
question arises, namely, is the tendency for chlorine to function 
negatively more pronounced than the tendency for methyl to 
function negatively? An answei to this important question can 
be approached only in an indiiect way by compaiing the general 
— + 

stability of methyl alcohol (HO. CH3) with that ofhypochlorous 
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acid (HO . Cl). The latter is undoubtedly the less stable, since 
it is icadily decoinposed by bj^ht or heat, wheieas incth} I alcohol 
is a compaiatively stable compound. Now, the instability and 
decomposition of hypochlotous acid involves the change, as 

pieviously .shown, from Cl to Cl ; and since HO. Cl is less .stable 

than HO CH^, natiually it may be assumed that the tendency 
for chlorine to function negative!}' is more pronounced than the 

tendency foi meth}’l to function negativ’ely, i e., C 1 >CH_.. Oi 
in equivalent teims, the lendencv' for methyl to function posi- 
tively IS more pronounced than the tendency for chlotine to 

+ h 

function positively, i.e, CH., >Ch (The relative tendency for a 
radical to function in one way rather than in anothei way may 
be defined as f>olar stability.) 

These relatioinsliips lead to the conclusion that of the two 
electromeis (A and B) of u-chlorotoluene, the one (A), in which 
(Cl) IS negative and (CH.,) is positive, would predominate, which 
in turn would indicate that the nitration of(i chloiotoliiene might 
yield a greater quantity of the nitiochlorotoluenes A' and A", 
than of the nitrochlorotoluenes B' and B". 7 'kesc assumptions 
ate confitmed by the facts, since Wibaut (loc cit.) has determined 
the yields of the foui mono-nitio-^j-chlorotoluenes to which are 
assigned, herewith, the abbieviated electronic foimuhe in con- 
formity with the preceding scheme of substitution • — 
t--i- 

Electromer(A)-^.(A'), C,.H3 CHi.Cl.NOait,!!, 3) . . i.S-S per cent. 

E!ectromer(A)-^,(A"), C,,H3.CHj.CI.NO„(i, 2 , 5) . . 434,, 

62 2 ,. „ 

„ 

37 7 .. .. 

The combined yields of A' and A" total 62-3 percent, as against 
377 per cent., the combined yields of B' and B". 

Attention should be called to the fact that the peicentage 
yields of the isomciic pi oducts of nitration of ortho-chlorotoluene, 
in the preceding scheme (i), and also the percentage yields 


- + + 

Electromer (B) (B'), C.Hj . CH, . Cl NO, (i, 2. 6) . 

Electromer (B) -*■ (B"), C^H, CH, Cl.NO„ (i, 2, .p . 
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of the isomeric products of nitration of para- and meta- 
fcchlorotoliiene in the following schemes (2) and (3) respectively, 
were determined by physical methods — processes of fi actional 
crystallization and compaiison of curves of fusion of mixtures of 
unknown composition with those of known composition. 


Scheme ( 3 ) — Tfiteoihiction of a Third Substituent into a Para- 
di-substituted Derivative. 


Consider now the introduction of a third substituent into a 
para-di-substituted derivative of benzene accoiding to the follow- 
ing scheme (2) . — 


+/\ + 

H| |H 

Hi^Nii I 

t/\+ -/\- 

- + Hi > H| |H 

A i 

13 f 

+ HO.Z A' + B' 



lJ\yU 


Y+ Y~ ^ Y+ Y- 


Theoietically and electronically, two and only two tri-substi- 
tuled derivatives are possible, namely, A' and B' from electromers 
A and B respectively. One of several series of experiments 
which confirm the above scheme is the nitration at 0° of p- 
chlorotoluene by Holleman,'" who demonstrated that only two 
mono-niti o-/>-chlorotoluenes were produced. The correlation of 
these facts with the electronic formulas is embodred in the follow- 
ing scheme • — 


rtl. 


B 


Oj h/ \h 


CHa+ CH,- 

42-00“/,. 58-00 “/,. 


Since Cl > CHa, or CH3 > Cl, one would be disposed to as- 
sume that electromet A would predominrte and, accordingly, the 
nitration of para-chlorotoluene would be expected to yield a 


+ — + 

greater quantity of A', C^Hj . CH, . Cl . N 0 „ (i, 4, 3), than of B', 

CjHj CHg . Cl . NO,, (i, 4, 3) This assumption is not realized 
since the yields are 43-00 per cent of A' and 58-00 per cent, of 
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IV, Tlii'? Ii:atls to the assumption that the relative polai 
stabilities of substituents in pat.i position to each olhei may' 
differ fioin the lelative polai stabilities of the same substituents 
wlieii in tile oitlio position to each othei. Foi exatnjilc, in the 
pieceding scheme (i 1 foi the uitiation of oitho-chloioLoluenc, 
electiomei A piedominatcs , but in scheme (31 for the nitiation 
of paia-ehloiotoluene, electiomcr 11 pieclominates. Hence, in 
scheme (2_) the speed of intei action of electroinei B with nitric 
acid IS ^noatei than the speed of interaction of electiomei A 
with nitric acid foi the yield of B' is gieater than the yield of A. 
Thus the speed of iuteuaction of the respective elect! cimets with 
the substituting reagents determines the yields of the substituted 
pioducts 


ScJit'iiii' (^y-Intivdiiction of ,r Thud Substituent into a Mcta- 
di-substitutcd Driivatn'C 

The introduction of a third substituent into a meta-di-siibsti- 
tuted deiivalive of benzene coiresponds to the following general 
scheme — ■ 



H + 





H + 



Since the substituents X and Y occupy positions meta to 
each other they must be of the same polarity, i e., both are 
negative in A while both are positive in B. Some inlere:,ting 
theoretical and expeiimental results picsent themselves, depend- 
ing upon the tendencies of X and Y to function positively or 
negatively. If both X and Y belong to that class of substituents 
which lead to the formation chiefly of ortho- and para-deiivatives 

(which is the case when X>X and Y>Y), then electromei A 
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would piedominate and the chief substitution pioducts would be 
A', A", and A'". Furtheimoie, since X and Y aie meta to each 
othei and each is natuially negative, clectromer A might pre- 
dominate to the exclusion of electromer B ; and the intioduction 
+ 

of a thud substituent Z would lead to the foimation of only 
three isomeiic tii-iubstitution pioducts, namely, A', A", and A'" 
Just such a case is found in the nitiation at o° of ;;^-ch!oio- 
toluene by Wibaut (loc. cit) The percentage yields of the 
isomers are indicated in the scheme : — 


CHj CH3 CH3 CH3 



'lit - H- 

NO.i'^Sh 

+ /\ + 

hi^SnOj 

A 

HONOj 


A" -1- 



ici 



H\/C1 

H- 


H + 

(I. 3. 6) 

58-00 % 

NO.J + 

(I- 3.4) 

32 30 7o 

H + 

(i. 3, 2) 
8-80 % 


Now it has been shown in some instances that the tendency 
for chloiine to function negatively is more pionounced than the 

tendency for methyl to function negatively, i.e., C1>CH3. This 
leads to the assumption that the entering positive nitio radical 

would be moie subject to the directing influence of Cl than of 

Cblj Now Cl diiects NOo to the para position lather than to 
the ortho position, since chloiobenzene on nitiation yields 69-90 
pel cent, of /-nitiochlorobenzene, and 30 10 per cent, of o-nitio- 
*• + 

chlorobenzene. On the other hand, CH^ directs NO3 to the 
oitho position lather than to the para positions since toluene 
on nitration yields 56-00 pei cent, of the o- and 40-90 per cent, 
of the /-nitrotoluene. Accordingly, when o-chlorotoluene is 
nitiated, one should expect the greatest yield to be that of 
+ 

isomer (A') in which NO^ occupies a position para to Cl and 
ortho to CHg. A smaller yield would be predicted for that 

isomei (A") in which NO^ is oitho to Cl and para to CH3. The 
smallest yield would be piedicted for the isomer (A'"} in which 
+ " — 

NO3 is ortho to Cl and ortho to CH3. These assumptions are 
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fully coiiFiimed by the facts since the icspcctive yields of the 
thice isomeis, vV, A', and A' are, lo-.peclivel}’, SS'OO pLr cent.j^ 
32'00 percent, and S So pot cent 'Ihis constitutes a fiiithei 
pioof that the polaiities of the substituents in tlie maleus and 
then tendencies to function in one way lather than in anothei 
way predeteimine not only the type of '■nbstitutiun but also the 
lelative quantities of the isomeis pinduccd. 

Retuining again to the geiieial scheme (5) above, it should 
be noted that if X and Y belong to that class of substituents 
which lead to the foimation chiefly of meta dei iv.itives, which is 

the case when X>X and Y>Y, then electioniei B would pre- 
dominate. Aero dingly, the intioduction of a third substituent 
Z would lead to the foimation chieil.v of the tu-sub-.titution 
pioduct in which all thiee substituents (X, Y, and Z) aie positive 
Many examples aie found in the hteratme which show that 
when the substituents in the nucleus aic positive, the entering 
substituent assumes a position meta to those piesent, and the 
predominating isomer coiresponds to B', the derivative of elec- 
tiomer B Exact quantitative data uiion the amounts of the 
othei possible isomeiw have not been found in the literature. 

Having considcied all of the possibilities which might be 
encountered in the introduction of a thiid substituent Z into an 
ortho-, a paia-, and a meta-di-substituted derivative, C„H,XY, 
of benzene, and having shown that expeumental facts and data 
are in agreement with the theoretical deductions, with the 
electrou'c foimnlie, and the principle of electionic tautomeiism, 
and with the geneial electionic rule foi substitution, it should be 
added that the foimation of othei poly-substituted derivatives 
of benzene will conform in general to the pniiciples and lule 
pieviously developed and illustrated. This claim is W'airanted 
by a caieful study of the numeious tables of the variously 
substituted derivatives of benzene which have been compiled 
with great care and piesented by Holleman (loc cit ) in his 
extended work on the influence of the substituents in the benzene 
nucleus, and the principles of substitution 



CHAPTER XII. 


THE ACTION OF SODIUM METHYLATE ON THE PRODUCTS 
OF NITRATION OF THE ORTHO-, PARA-, AND META-CHLORO- 
TOLUENES. 

In the preceding chapter it was shown that unless ortho-, 
paia-, and meta-chlorotoluene manifest the phenomenon of elec- 
tionic tautomeiism it would be impossible to explain the 
simultaneous foimation of the variously substituted isomeric 
nitiO'deiivatives when the chlorotoluenes arc nitrated. The 
punciple of electionic tautomeiism involved in the explanation 
of these substitution reactions will leceive further experimental 
confiimation if it is possible to show by hydrolytic reactions that 
some of the nitro-derivalives are the products of the interaction 
of one of the electiomeis of a chlorotoluene while the othei 
isomeiic nitro-derivativcs simultaneously formed aie the products 
of mtiation of the other electromer of the chloiotoluene. 

To this end, attention must be directed thioughout this 
chapter to schemes (i), (3), and (3) of the preceding chapter for 
the nitrations respectively of (i) oitho-, ( 3 ) paia-, and (3) meta- 
chloronitiobenzene. These schemes constituted the electronic 
explanation of the nitration reactions conducted by Wibaut, 
Holleman and Wibaut, respectively, who determined the per- 
centage yields of the several isomers of each nitration by physical 
methods — processes of fractional ciystallization and compaiisons 
of curves of fusion of mixtures of unknown composition with 
those of known composition. 

In each of these schemes it will be observed that the elec- 
tionic formulas of the isomeric nitration products (A', A", etc) 
of the electiomer A embody negative chlorine while those (B', 
B", etc.) of electiomer B embody positive chlorine. Now, if it 
be possible to show by quantitative chemical methods that the 
yields of the isomers (chloionitrotoluenes) which contain negative 
chloiine aie commensurate with the yields of the same isomers 
ascertained by Holleman and Wibaut by physical methods, then 
104 
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the conception of the dectionic tautomei of the chloiotolueiies 
as infhcated in schemes i, 2, and 3 is, to this extent, finthei^ 
substantiated. 

The chemical method foi the dcteimination of the \ ields of 
the isoinei’s containniLj negative chlorine depends, first, upon the 
completeness of their mtciaction with sodium inetliylale and, 
second, the non-interaction of the isomers containing positive 
chloiine. In oidei to test the applic<ibility of these two poiut.s, 
the action of sodium methylate in methyl alcohol solution upon 
0-, p-, and ;«-chloionitrobenzenes was investigated These 
isomers weie chosen because it is commonly lecorded that the 
0- and /-isoraeis exchange their halogen atom for OH, 0 (CH,,), 
or NHo, while the ;«-isomer is non-reactivc. 

An interpietation of these leactions has been given in 
Chapter VIII., Section A, fiom the standpoint of the electronic 
formula of benzene and the s ibstitution lule The abbreviated 
electionic foimulm of the chloionitiobenzenes aie as follows — 


Cl Cl 



/\ 

1 1 

cij^ '^jNOj 

\/ 

1 1 
\/ 

\/ 


NOj + 


Only those isomers containing negative halogen (<> and /-) 
should interact with sodium methylate, thus 

+ - +- + - +- 

NO2 C„Hj.Cl h Na.OCII, -?• NO,.C,.nj.OCHi + Na.CI, 

and the wMsomei, containing positive chloiine, should be non- 
reactive under the same conditions. 

The extent of the replacement of negative chlorine can be 
found by determining the quantity of sodium chloride libeialed. 
After repeated experiments, designed to secure the conditions 
noted, the following method was found to yield theoretical 
results • About om gram of the chloiomtrobenzene was dissolved 
in 15 cc. of a noimal solution of sodium methylate in absolute 
methyl alcoliol The solution was heated at 100° in a sealed 
glass tube for 5 houis The contents of the tubes were then 
diluted to a volume of 200 c.c., acidified with nitiic acid, boiled 
to expel the methyl alcohol, cooled, and filtered. The quantity 
of sodium chloride in the respective filtiates was determined by 
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titration with standard solution ofsilvei nitiate. The following 
lesults were obtained •— 


Slilr.t'ln.c. I 

(Gr imtt ) 

No cc ogjs^N 
AkNO, .Solllllr,ll 

I’er Ccnl 
Netj'idve Cl 

1 I'l-T Cent 

Nc-ijativt; Cl 

0-Cl . C.Hj , NO, 

0.00s 

I3-8i 

22-56 

22 51 






p Cl. C„H,.NOa 


1378 

22-48 

22 51 

4- + 





m-Cl.C.H^ NO., 

o'jgt). 

000 

0-00 

000 


These results show conclusively that isomeis containing 
negative chloiine may be estimated quantitatively, provided 
conditions aie secured for theii conplete intei action with sodium 
methylate, while under the same conditions the isomer containing 
positive chloiine is non-reactive 

The chief problem of this investigation was to secuie con- 
ditions under which the negative halogen atoms of the nitiation 
products of 0-,/-, and ;«-chloiotoluenes would completely interact 
with sodium methylate and thus affoid a chemical method for 
determining the peicentage yields of the isomers of chloronitio- 
toluene which contain negative chlorine. A comparison of the 
chemically determined and the physically determined yields 
could then be made With this end in view, o-,p-, and w-chloro- 
toluenes were each sepaiately nitrated (at o”) according to the 
specific directions given by Wibaiit, Holleman and Wibaut, 
lespectively. The methods were originally designed to yield 
only mono-mtio substitution products. The respective products 
of nitration of each of the chlorotoluenes, which consisted of 
mixtures of the different isomers (nitiochlorotoluenes), as indi- 
cated in the pieceding schemes i, 2, and 3, weie treated with 
sodium methylate solutions of varying concentrations — O’S W, 
W, 2 N, and 3 N. Samples, o-2 to 0-4 gram, of the nitration 
products weie heated, each with 15 c.c. of the sodium methylate 
solution in sealed tubes, for 10 hours at ioo°. The contents of 
the tubes weie then analysed, as previously described, for the 
+ — 

negative chloiine, liberated as Na. Cl, precipitated and weighed 
as silver chloride. The percentage yield of the combined isomers 
containing negative chlorine was calculated fiom the latio 
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Aij Cl ;Cl.NO_. CH;, C^Hj. The rcbults of thcbc expeii- 
nieiits aic recorded in tlnoc hcctions (I., II., .md III.) to cone.spoiKi 
with schemes i, 2, and 3 fot the nituition of 0 -, and w- 
chloiotoluenes, lesjx-ctivelj'. All leactions weie conducted in 
duijlicate 

’lAULK 1 . 


SomuM Mi'iuvi vii ON Tin Ishmi'bs l)i kui.d mow 
0 ClIMIROtOLULN . 

(Sew Scheme i ) 


Nmivire 

Norin.ilU\ 


Pet Cent >itld of koinen V t A'' 


(gram) 

NaOCHj 

^AgCI^ 

(I, 2, 0 aiiil I, j, 4 Cl. Cllj, htij, Coffat 

O'’0j5 

O’S N 

0 itfi3 

.STot 



0 ' 5 E 

0 loSt 

53-29 

53-15 

0 -‘SaS 

0 ->9iS 

N 
, N 

0 13S8 

0 i.j (b 

5'V5« , 

5VSg 

58-73 

U'3J»3 

0 J99I 

zN 

iN 

0 136;! 
“•IC54 

49 64 

50 12 ' 

49-88 

Q-iy-ji 

iN 

3 A' 

o-o8.St 

38 iG 

38-30 

38-23 


These results indicate that the extent of the reaction with 
sodium methylate is greatest in the normal solution. A 58 73 
per cent, yield of the combined isomeis containing negative 
chloiine was obtained. The yields of these isomers dcteimined 
by the physical methods of Wibaut total 62-20 pei cent. The 
yields obtained by the two methods, while not identical, ap- 
proximate closely. Variations will be coiisideied latei. 

TABLE n, 

II -Aciion ot SowuM MMUsLcrE ON 'im< Isomi'RS Dlrivi-d rnoM 

yi-ClILOHOIOLULNC 

(bee Scheme a ) 
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Here also the extent of the reaction with sodium methylate 
vyas greatest in the noi mal solution, which indicated a yield of 
36 18 pei cent, of the isomer containing negative chlorine The 
yield of the same isomci determined by Hollcman (fusion cuive 
method) was ^2-00 per cent. 

TABLE III. 

Ill, Action or SoniuM Meiiiylaie on me Isohiers Dprued trohi 
ih-Chloeotoluene. 


(See Scheme 3.) 


Mixture 
of Nomerb 
{gram) 

Normahly 

NaOCHa, 

AgCl 

(gram) 

Per Cent. Yield of Ihomcrs 

A' + A^' 4- A'", 1, 3, f). + I, 3, 4. ^ 

I, 3. a-CHj. Cl, NOa, CuH-,. 

Averngc. 


0-5 W 

0-1652 

87-59 


o-asio 


0 1843 

87-S6 

87 t7 

0 11672 

N 

01987 

88-99 


0'3520 

N 

0 1853 

8799 

88-49 

0-2670 

2 N 

0-1898 

8506 


0 3312 

2 N 

0 230S 

85-98 , 

85 '5 2 

D 3S09 

iN 

01923 

8192 


0 oSoS 

3N 

01888 

8046 

Si ig 


Again the extent of the leaction was gieatest in the noimal 
solution indicating a yield of 88'49 per cent of the thiee isomers 
containing negative chlorine. Wibaut (fiactional crystallization 
and fusion cuive methods) obtained a 1 00 per cent, yield of 
these isomers. 

The yields of the isomers containirig negative chlorine de- 
tei mined by physical methods and the maximum yields of the 
same isomers determined by the chemical methods just described 
are summarized in the following table ; — 

TABLE IV. 



Isomcra 

Physical. 

Chemical. 

Percaiitago 


W + A”) 

62 20 (Wibaut) 

58 73 (Fry) 

94-42 


(A') 

42-00 (Holleman) 

36’i8 „ 

86-14 

3 

(A' + A" + A'") 

100-00 (Wibam) 

88 49 .. 

88-49 


The extreme caie with which Holleman and Wibaut con- 
ducted their physical determinations leads one to accept theii 
results as practically final. Accordi’igly, in the last column 





ORTHO-, RARA-, AND META-CHLOROTOLUIiXER io() 


above, llie chemically determined yields are recoidcd as pei- 
centages of the physically determined yields. If each of the 
values m the last column was lOO per cent, then it miglit be 
asseited without question that the conception of the electionic 
tautomei i.sm of the o-, p-, and w-chloiotoluenes given in schemes 
I, 2 , and 3 , lespectively, is completely substantiated by chemical 
methods. It may, ncvcitheless, be maintained that in so far as 
the values in the last column do appioach the theoretical, so 
far, at least, do they .substantiate both by physical and by 
chemical methods the electionic tautomciiMn of the chloio- 
toluenes. Moieovei, it may be -aid that the electionic tauto- 
meu-sm of a-, />-, and ///-chlorotolueites is the only hj'iiothcsis 
that has accounted for the leplaceability of ceitain halogen atoms 
in some of the isomeiic nilrochloiotolucnes and the non-replace- 
abihty of ceitain halogen atoms in otheis The tlata piesented 
in this chajiter i.ub.stantiate the hy’pothe^is 

The fact that the chemically' determined quantities of the 
isomers containing negative clilorine weie less th.in the (piantities 
deteimined by physical methods may have been due to two 
causes. Fust, the inteiaction with sodium methylate of one 
01 moie of these isomers in the miKturcs may have been in- 
complete. This is not likely, since the results of the e.xpcri- 
ments with the analogous chloronitroben/.eue gave lesults m 
pci feet agreement with the theoiy. Furtheimoie, a survey of 
the quantitative data given in connection with schemes i, 2, 
and 3 shows a maximum replacement in eveiy' re,iction in which 
the uninormal solutions of sodium methylate weie used Con- 
centiations below oi above normal gave lowci yields 

In the second place, the low yields of the isomers containing 
negative chlorine may be due to the fact that the relative quan- 
tities of the isomers obtained onnitiation of the chlorotoluenes in 
Holleman’s laboiatories may not have been identical with the 
lelative quantities of the same isomeis obtained in this laboratory, 
even though the oiiginal directions given by IloIIemaii and 
Wibaut were earned out precisely. The vaiiations are most 
likely due to lack of standaiclization in certain details of manipu- 
lation, such as the rate of the addition of the mtiic acid, methods 
of still ing, cooling, etc While the tempeiature variations were 
kept within the piesciibed limits, primarily to avoid the founation 
of poly-nitro-deiivatives, it is quite likely that the local temperdtuic 



ettects in tlie reaction mixture may have altered the relative 
quantities of the isomcis foimccl In fact, I have found that 
when nitiations weie conducted separately, but undci identical 
conditions, vaiiations in the fusion points of the lesultinij mixtuies 
were noted. This signifies couesponding vaiiations in the lela- 
tive quantities of the isomcis in these mixtuics 

III conclusion, the vaiiations between the cheiiiically and the 
physically determined yields aie not sufficient to invalidate tlie 
principle of the electronic tautomeiism of the chlorotoluencs. 
The conception affords a consistent interpretation of the observed 
facts, and is substantiated in a great measuie by the quantitative 
data offeied in this chapter A one hundied pei cent ciuantita- 
tive confiimation of the electronic tautomcrisin of the mixed di- 
halogen benzenes (notably paia-chloiobromobeiizene) is found in 
the experimental data presented in Chapter X Indeed, the 
agreement between cxpeiiment and hypothesis, definitely indi- 
cated in Chapteis X, XI. and XII., c.stablishes the principle of 
the clectiomc tautomeiism of benzene deiivativcs This piinciple 
makes it possible to inteipiet the simultaneous formation of 
ortho-, para-, and meta- di-substitutcd, and poly-substituted de- 
rivatives of benzene. 
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!S 


yields of' the ortho- and para-derivatives of C^Hj. X will exceed 
— + 

the yield of the meta-derivative of CgHj X. On the othei hand, ~ 
— + 

if electromer . X preponderates, then the yield of the meta- 
derivative will be greater than the combined yields of the ortho- 
and para-derivatives. 

It has been assumed that the preponderance or increased 
concentration of one electromer over the other depends upon, or 
is a function of, the tendency of the given substituent to function 

— -j- + — 

in one way rather than in another ; thus, either X > X or X > X. 
This tendency has been referred to, in the preceding chapter, as 
the polar stability of the substituent. Accordingly, the concen- 
trations of the electromers aie predetermined by the polar sta- 
bilities of the substituents piesent in the benzene nucleus, 

It now becomes necessary to develop further this conception 
of polai stability and to inquire how and to what extent it pre- 
determines the types of substitution, and, concomitantly, the 
quantitative yields of the substitution products To this end, 
|he nitration of toluene, benzyl chloride, benzal chloride, and 
benzotrichloride, quantitatively investigated by Holleman,®* 
affords significant data which are given in the following table: — 



CaHs X 

Y, 

OUho. 

Para. 

(a + #•) 

Meta, 

I 

CjH, . CHg . 

NOj 

588 

36-8 

95 6 

4'4 


CjHj . CHaCl 
CaH. . CHCIa 

NOj 

40-9 

54 9 

95 8 

4‘a 

3 

NO, 

23-3 

42-9 

66-a 

33'8 


CaHj . CCla . 

NO2 

68 

387 

35 5 

64-5 


The first column embodies the formulae of the mono-substituted 
deiivatives, C^Hj. X, which are nitrated at or near 0° Centigrade, 
under conditions that lead to the substitution of only one nitro 
group, Y, yielding in each of the nitiation reactions (Nos. i, 2-, 3, 
and 4) varying quantities of 01 tho-, para- and meta-nitrotoluenes, 
CijH^XY. The fifth column gives the combined yields of ortho- 
and ' para-derivatives, while the i^ixth column shows the cone- 
sponding yields of meta-nitrotoluene. 

From the standpoint of the scheme for the nitration of a 
mono-substituted derivative, CgH^X, yielding simultaneously 
ortho-, para-, and me^a-di-substituted derivatives, CgH^XY 




substituent X to function negatively is gieatei in . CH„, and 
•in . CHXI, thcan it is in either cjl, . CHCl, oi C„H, CCls. 
This tendency, oi lelative poku stability, is lepiescntcd thus ; 

CHa 01 CH Xl> CHClj > CCl;, Consequently, the combined 
yields of the oitho- and para-nitiotolucnes, while piactically the 
same in the nitiation of C,,Hr, , CHj and Cr,Hr, . CH ,C1, aie found 
to dccicase when C|^H- . CHClj and . C’CI,, aie nitrated 
In other woids, the concenti.itions of the electiomcis of the type 

C,,Hr, . X in the successive nitiations i, 2, 3, and 4 (pieceding 
table) are lelatively as follows — 

+ - + - + - 4 -- 

CsHj.CHj, or C0H5.CH3CI > CJ-Ij.CHCI, > C.Hj.CCb. 

On the other hand, it may be noted that the tendency for the 
substituent CClj to function positively is greater than that of 
eithei CHCL or CH3CI and CH,. These relative polai stabilities 
+ + + + 

aie indicated thus; CCl3>CHCL > CHjCl 01 CHg. Conse- 
quently, the yields of meta-nitrotoluene inciease in the successive 
nitrations as noted in the pieceding table. In equivedent terms, 
the concentrations, or reactivities, of the dectiomeis of the 
— + 

opposite type, CgHj X, in the successive nitrations (1,2,3, and 4) 
are lelated as follows . — 

— + — 4 * “ + — + 

or CHCl^ > 

The conception of polar stability as heretofore applied to 
substituents or radicals does not lend itself to mathematical 
definition, but theie may be assigned to a given substituent a 
/o/nr number which may be defined as the algebraical sum of the- 
positive and negative valences of that atom of the substituent or 
ladical which is united to the benzene nucleus. Since a given 
substituent may function either positively or negatively, there 
shall not be included in this polai number the positive or the 
negative valence which unites the radical to the nucleus Accord- 
ing to this definition, the polar numbers of the radicals CHg, 
CHgCl, CHClg, and CCI3 appear from their electronic formulre— 




to be, lespectively, - 3, - i, + i, and + 3. 

A remaikable relationship is found to exist between these 
polar numbers and the quantitative yields of the ortho-nitio- 
derivatives In the following table, the first column embodies 
the formulae of the benzene derivatives, CgHjX, subjected to 
nitiation. The second column gives the polar number of the 
substituent X, and the third column contains the corresponding 
percentage yields of the ortho-nitro-derivative ; — 


CjIIo . X 

Polar Number of 
Substituent X. 

Ortho-mtro- 

derivative. 

C.Hj . CH. 

- 3 

58 -s 

CaHj CH„C1 


40-9 

C„H, . CHCI, 

+ 1 

23 '3 

C„H, . CCl, 

+ 3 

68 


If, in the system of rectangular co-ordinates, the polar 
numbers of the substituent (X) are indicated on the X axis and 
the corresponding percentage yields of the ortho-nitro-deiivatives 
are indicated on the Y axis, 



it is quite evident that the quantitative yields of the ortho-nitro- 
substitution products of tohiene, benzyl chloride, benzal chloride, 





numbers of the respective mono-substituents, CII^ CHjCl, 
-CHClj, and CCIj piesent in the nucleus. In the same manner 
(rectangiilai co-ordinates) it follows that the combined yields of 
the ortho- and para-nitrotoluenes on the one hand, or the yields 
of the meta-nitiotoluene on the othei hand, arc also linear 
functions of tlic polar numbeis of tlie substituents CH.jCl, CllCh 
and CCI3 

The existence of the foiegoing lelationships waiiant.s a search 
for othei quantitative relationships. To this end, the only 
quantitative data available aie chiefly those of Hollcinan and his 
co-\voikeis, who have caiefully deteimined the yields (in per 
cent.) of the products of nitration of vaiious mono-substituted 
deiivatives of benzene. The nitiatioii reactions weie conducted 
so as to yield only' mono-nitro-deiivatives, ortho-, meta-, and 
para-. All the available data are embodied m the following 
table ; — 



Column I embodies the formula- of the substituents (X) of 
the mono-substituted deiivatives C^jH^X. The polar numbeis 
of these substituents are indicated in column II. Columns III., 
IV,, and VI. embody the percentage yields of the ortho-, paia-, 
and meta-nitro-compounds, respectively', of general formula 
C„H^ . X . NOj. In column V the sum of the percentage yields 
of the ortho- and para-isomers is given. The data of the table 
have been tabulated in the ordei of the increasing values of the 
polar numbers of the substituents, i.e., fiom - 3 to -f 4. Ibis 
arrangement reveals some striking regulaiities which may be 
summarized as follows . — 
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(1) When the polar number of a given substituent is zero oi 
less than zero the combined yields of the oitho- and paia-nitio- 
corapounds range between ninety and one hundred pel cent. 
In other words, the oitho-para type of substitution and per- 
centage yield of products predominate practically to the exclusion 
of the meta type of substitution and yield when the polar number 
of the substituent in the nucleus is zero oi less than zei o. 

(2) As the polar number assumes a positive sign and increases 
in value, the corresponding ortho-paia percentage yield decreases 
while the meta yield increases. Thus when the polai numbei is 
+ 4 the meta type of substitution and yield predominate almost 
to the exclusion of the ortho-paia type and yield. 

(3) From (i) and (2) it appears that the combined yields of 
the oitho- and para-nitro-substitution products and the 5deld of 
the meta-nitio-substitution product are predetei mined, within 
ceitain limits, by the polar number of the substituent X in 
C^jHjX. Theiefore, if the yields of the ortho- and para-deriva- 
tives are dependent upon the speed of intei action of the electiomer 

+ — 

of the type C„Hj . X and the yield of the meta-deiivative depends 
upon the speed of the interaction of the electromei of the type 

QHj . X in the tautomeric system C^H, X ^ CoHj X, then it 
follows that the speed of the intemction of these electroniers with 
the substituting reagent is a function of the polar number of the 
substituent X in . X. Furthermore, if the speeds of re- 
action of the electromei s are dependent upon their concentration, 
then these concentrations are also a function of the polar number of 
the substituents, 

(4) Finally, it should be noted that, in terms of positive and 
negative valences, the polar numbei of a substituent is in leality 
an index of the degree or state of oxidation of that atom of the sub- 
stituent tohich is directly united to the benaene nucleus. This is in 
haimony with the principle that the development of positive 
valences (i.e., loss of electrons) coiiesponds to oxidation while 
the development of negative valences (i.e., gain of elections) 
coriesponds to reduction In other words the problem of 
benzene substitution appears to be resolving itself into a study of 
the states of oxidation or reduction of the atoms of the sub- 
stituents, I.e., that atom of the substituent which is in direct 
combination with a carbon a^tom of the benzene nucleus. It is 

9 
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slffiiificaiitly inteie.stitig to recall, iiicliicctly in this connection, 
Uiat tile empiiical rule of Blown and Gibson was based upon the 
susceptibility to oxidation of ceitain compounds. The signifi- 
cance of this fcatuie was intei preted in the fuither analysis of the 
Blown and Gibson rule (Section B, Chaptei IX.). 

The pieseiit chaptei has indicated the existence of a rela- 
tionship between the polar number of the substituent X in CuH^X, 
and the combined quantitati\e yields of the ortho- and para- 
inono-nitro-siibstitiition pioducts on the one hand, and the 
quantitative j leld of the meta-mtio-deiivative on the other. 
There yet lemains to be de\ eloped a lelationship between the 
vai lablc quantitative yieldsof the oitho- and the para-mono-nitio- 
subbtitution pioducts, and the lespective electionic formulre of 
these pioducts. I’cihaps a solution to this problem may also be 
lound in a fuither development of the conception of the polai 
luimbeis of the substituents 
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- + 

O H 



Now in order that formic acid, in which three of the carbon 
valences are positive, and one is negative, may yield caibon 
dioxide, in which the four valences of carbon are positive, the 
one negative valence of carbon in foimic acid must be oxidized 
to a positive valence. This change takes place when formic 
acid is catalytically or photochemically decomposed, yielding 
carbon dioxide and hydrogen according to the following elec- 
tionic equation • — 



Heie also the photochemical change is an intramolecular oxida- 
tion-reduction reaction, the electromer H COjH is trans- 

— + 

formed to the electromer H CO^H. Then decomposition 

into carbon dioxide and hydrogen is possible and takes place. 

In this chapter some fundamental distinctions between nucleus 
and side-chain substitution have been developed and interpieted 
in terms of positive and negative valences. A common occur- 
rence, however, should not be overlooked, namely, that in most 
substitution reactions it is practically impossible so to limit and 
regulate the conditions that the sole reaction taking place will be 
either nucleus substitution 01 side-chain substitution. In other 
woids, the formation of ortho- and para-halogen substituted 
toluenes, in which the halogen atoms are positive, and the in- 
troduction of negative halogen into the side-chain, may pioceed 
as simultaneous independent chemical changes. As pieviously 
noted the former process does not involve oxidation and reduc- 
tion while the latter does.. These facts are readily coiielated 
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with luiothei ^ctieta.1 propeity characteiistic of benzene on the 
one hand, and chaiacteri'-tic of aliphatic hydiocaibons (compai- 
alile to sidc-chains) on the otliei hand. Bcii .ciir usis/.s ovulation, 
ivhilc Ihc aliphatii hyihoiaihoiis and the iide-ihanij, are gcncraliy 
more siiiLCpfihle to o.xtdation. 

Finallj', it is not impossible to conceive that, under certain 
conditions, winch aic not as yet deteimined and inteipreted, a 
positive hydrogen atom of the benzene nucleus may be replaced 
by a negative halogen atom (or vice veis.'i^, which is chaiacteiistic 
of sidc-chain substitution, involving oxidation and reduction. 
Sneha condition, howevei.does not invalidate the mtcipietations 
presented m this papci, which ate coiielated with the experi- 
mental facts, the conditions of substitution, and the chemical 
piopeitios of oitho- and paia-halogcn substituted toluenes, and 
the side-chain substitution pioducts. 

In concluding this chaptei, the lelations between the clec- 
tionic intci[uetations and the substitution hypotheses of Brunei, 
Bancioft, and Holleman shouhi be leconsidcied biiefly 

Biuuei’s idea that nucleus substitution is due to halogen 
atoms, while side-chain substitution is due to molecules, thu.s, 

C„H,CH, + -aUr -j. BrC„H,CH, + HBr, 

C„H,CHi + Br_ CJtjCHJJr l HBi, 

fails to take into account the fact that nucleus substitution 
(forinei equationj does not involve oxidation and reduction, 
while side-chain substitution (latter equation) does. 

Bancroft’s a.ssumplion that nucleus substitution is due to 
negatn e halogen atoms is not in agieemcnt with the evidence, 
both theoretical and expeiimeiital, that the oitho- and paia- 
substituted halogen atoms of toluene aie positive. His other 
assumption that the halogen substituted in the side-chain is 
positive is also contradicted by the fact that the halogen atoms 
in benzyl chloiide, benzal chloiide, and benzotiichloride (or 
bromides) are negative, since they' aie readily e.xchangcd (without 
o.Kidation ca leductiunj tor negative hydroxy'I It is tiue, how- 
ever, that positi\e halogen atoms aie the active substituting 
agents in side-chain substitution, but only by virtue of their 
o.vidi/.ing action and consequent reduction to negative halogen 
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th^se, siiivant laqiiclle le noyau est attaqiit^ pai des molecules 
HBr,„ taiidis que la chaine lat6rale I'est par les molecules 
brome, a quelque viaisemblance ; cependant uii nombre de 
difficulties doivent encore etre levies, avant qu'elle puisse servir 
a expliquer les pluenomenes obseivies”. The veiy plausible in- 
teipretation of the nucleus biominatioa of toluene thiough the 
action of the intemiediately formed HBr,„ may be readily corre- 
lated with the interpi elation of nucleus substitution, and the 
action of halogen carriers as presented in this chapter, provided 

Bi 

+ — !^ 

HBi be regarded as H Br But Holleman’s idea of side- 

i+ 

Bi 

chain substitution is subject to the ciiticism that it also fails 
to recognize the side-chain substitution process as an oxida- 
tion and reduction phenomenon depending upon the leaction, 
+ — 

X -»■ X -1-20, pieviously considered. 



CHAPTER XVI. 


“ FREE R.VDICALS” THE[R EXISTENCE AND PROPERTIES 

Radicals aie conceived to be groups of atoms which function 
as single atoms in chemical rciclions and, accordingly, pieserve 
then composition or constitution thioughout chemical clianges 
The histoiy of Chemistiy afloids many instances of attempts to 
isolate i.idicals, i e , to piepaie “ fiee ladicals" As eaily as 
1851. Liehig "" suggested the possibility of isolating, and seiiously 
attempted to jnepaie, fiec ladicals In 1839 Lowig''" claimed 
to h.ive clfected the separatum of the ladical ethyl, CJd,,, An 
histoiical leview of these vaiious attempts, chiefly failiues, would 
constitute an inteiestmg chaptei, the culmination of which, 
howevei, is found m the lecent work of Gombeig,'-^® who, un- 
doubtedly, has isolated fiee radicals, notably in the form of the 
tiiaiylmethyls 

The tiiaiylmethyls aie regaided by many to be compounds 
of leiwalent carbon Schlenck’s discoveries, by means of mole- 
cular weight detoim illations, that some of the tiiarylmethyls aie 
laigely mono-molcculai (foi instance, tii-/u-phenylmethyl was 
found to be entiiely nioiio-moleculai) leads, as Gombeig has 
empliasi/.ed, to but one infeience, namely, that these compounds 
exist as fiee ladicals, ie, they are compounds of the tervalent 
carbon atom of the geneial foimula (R)3 = C 

Ihc piesent chapter offeis an interpietation of the existence 
and piopeities of free laclicals in teims of the electronic con- 
ception of positive and negative valences which reveals the 
exiMtence of many significant relationships that aie apparent 
111 elecliomc foimiil.e but that cannot be found in ouhnary 
stiLictuia! foimul.e. The piinciples developed m Chaptei IV, 
Electronic Amphotciism, and especially those of Chaptei V, The 
Nascent State, are both essential and fundamental to an ap- 
picciation of the inleipretations piesented in this chapter. 

Particular attention should be nedirected to the fact that all 
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the chemical actions classed as “nascent” are of a leduction 
01 an oxidation type, and that the so-called “ nascent state ” ic 
conceived to be ati unstable coiiditwn of a substance which mani- 
fests {tinder certain condition';') an adaptibility and a tendency to 
lose elcdrons, or gam elections, and thereby revert to a more stable 
condition. If the substance {ion, atom, or molecule) losec negative 
electrons, it acts as a i educing agent If it combines with negative 
electrons, it acts as an ovidising agent 

From the point of view embodied in the above definition, the 
present chapter will endeavour to show that free radicals such 
as the triaiylmethyls, are comparable in many respects with the 
elect) ically neutral atomic state, and that their instability, or re- 
activity, and general chemical piopeities may be interpreted 
by their development of positive 01 of negative valences thiough 
the loss or gain, respectively, of negative electrons. In other 
words, the triaiylmethyls may act either as reducing or as 
oxidizing ^agents Fuitheimoie, in explaining some of the 
reaiiangeinent leactions peculiai to tiiphenylmethyl, the elec- 
tionic formula of benzene will be shown to i>lay a significant 
part. 

Consider, first, the reaction foi the preparation of triphenyl- 
methyl. Gomberg^**® submitted tiiphenylchloromethane to the 
action of metals, notably silver, with the full expectation that 
the reaction would proceed normally and give rise to hexaphenyl- 
ethane : — 

(C,H,)3CCI Ag (CeHd,C 

+ -5. aAgCl + I 

(C„Hd,HCCl Ag (C„H,),C 

He obtained “ a hydrocaibon possessing the requisite composition 
(C = 93'8 per cent, H = 6’2 per cent.). . . . But the unusual 
instability of this substance, its proneness to enter into the most 
varied chemical reactions, and above all, its striking unsatiuated 
character, precluded the natural inference that the hydrocaibon 
at hand was actually hexaphenylethane. The opinion was ex- 
piessed that here was an instance of a compound with one atom 
of carbon in the tnvalent state, i.e., (C^H^IjC, triflmiylmethyl, 
a free radical.” Now it may be shown that the electionic inter- 
pretation of the action of silver upon triphenylchloromethane also 
substantiates the assumption of the existence of the fice radical 
as a compound of tervalent carbon. 
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Tripheiiylchloroinethane presumabl)’- possesses the abbievi- 
- + - 

ated electronic formula * (CfiHJjC Cl. Its aqueous solution 

is a conductor of the electric ciuient depending upon ionic 
dissociation — 

(cji„),c~ci ^ (C„H„),c + ci 
Fuitheimure, its hydiol3^sis confoims to the equation 

+ ” 4 -— 

.Cl + K . on -5^ OH + K . Cl. 

Metallic silver (with zero valence) in oider to combine with 
negative chlotine, must itself develop a positive valence, i e,, it 
must become positively' univalent through the loss of an electron 

Ag -■* © t- Ag Accordingly’, the electionic scheme foi the 
action of silvei upon tiiphenylmethylchloiide is represented as 
follows : — 


— Cl ’li: (C,H,)jC + cl 
Ag ^ 0 + Ag 

A ^ 

(C„H.)3C Ag , Cl. 

It should be observed that the methyl carbon atom in the 
tiiphenylmethyl ion is quadrivalent, but the fiee positive valence 
of this ion is obliterated by the acquisition of the negative 
electron from the metallic silver, in other woids, silvei has 
reduced the quadrivalent methyl carbon atom to the tervalent 
state, yielding triphenyl methyl. 

The possible reaction of two electiically neutial molecules 
of triphenyl methyl to foim hexaphenydethane is exactly paiallel 
to the leaction of two electiically neutral hydrogen atoms to 
foim molecular hydrogen. The leaction depends upon one of 
the atoms, or free ladicals, losing an electron which is acquired 
by the other atom, or free lachcal, respectively. Combination 
of the lesulting oppositely charged atoms or radicals occurs 
simultaneously as indicated in the following scheme 

^ Hut; the equally applicable “ quinocarbomum lormula " iii a later section of 
this chapter, p. rOi. . 
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H )- © -> hJ 


(C„H,)X -^ © + (C„H„),c] + _ 

. -5. {c„ii 5 ),c c(c„nj), 

(C„HJ,C + © -> (C„H,),,C 

The following properties of triphenylmethyl will be con- 
sideied : (A) oxidation; (B) addition of iodine; (C) addition of 
hydrogen ; (D) leaction with nitrogen dioxide (or tetroxide) ; 
(E) addition of xylene, (F) action of acids ; (G) action of light ; 
(H) electi ical conductivity of triphenylmethyl when dissolved 
in liquid sulphur dioxide, based upon the analogous conductivity 
of sodium dissolved in liquid ammonia 

Gomberg has frequently called attention to the fact that 
triphenylmethyl behaves in some reactions as if it were an 
element of basic natuie. This is particulaily so in its reactions 
with oxygen and with iodine This behaviour, from the elec- 
tronic standpoint, may be attiibuted to the tendency of the 
teiwalent carbon atom to become quadrivalent, i.e , to develop a 
positive valence thiough the loss of an electron in just the same 
way that metallic silver or sodium develops a positive valence ; — 

Na -s- Na + ©. 

(C„H„)sC (C„H.),C + ©. 

The striking similarity of triphenylmethyl to sodium is 
shown in the reactions of each with (A) oxygen, and (B) iodine. 

A. Oxidation. 

On exposure of a concentrated solution of triphenylmethyl 
in benzene (lo per cent.) to air, a colouiless faiily stable pei- 
oxide, {(QHJgCl-jOs, IS formed Sodium and oxygen combine 
at temperatures below iSo" yielding a mixture of sodium oxide 
and peroxide As the temperature is laised the quantity of 
peroxide increases At 300° sodium peioxide is the piincipal 
product. Now metallic sodium possesses neither positive nor 
negative valences, but in its oxide and peroxide sodium is pre- 
sumably positively univalent, since these oxides on hydiolysis 
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yield sodium li^'dioxide, Na.OH. Accoidingly, the complete 
electiunic scheme for the foimation of sodium peioxidc may be 
icpicsenled as follows — 



Na Na 


The jiaiciitheticrd pail of the scheme involves the i eduction of a 
jiositive valence of oxygen to a negative valence by the action 
of theclections fioin sodium The sodium atoms, thus becoming 
positive, unite with the negative valences of the oxygen atoms. 

In a pcifectly analogous mannei triphenyl methyl unites with 
ox>gen, thus •— 

s(C„H,),C + o, -- 0 

I J. ' 

{C„Hr,),C 6 

(CoIIdaC— 0 
(C„H„),C 6. 

B. Addition of Iodine. 

The combination of either sodium oi triphenylmethyl with 
ioiltne IS also an oxidation-reduction leaction. Gomberg '“Mias 
shown that ti iphenylmethyl may be titrated with a standaid 
solution of iodine Tuphenylmethyliodide is foimed The 
iodine in this compound is negative since it is replaced by 
negative hydiuxyl on hydrolysis. The iodine atom in sodium 
iodide is also negative since the aqueous solutions yield the ions 

Na and I Accordingly, the electronic schemes for the com- 
binations of sodium and of triphenylmethyl with iodine (i e , then 
o-xidation by means of iodine) are rdpiesented as follows 
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I, 2 NaI 

i 

I 1 

aNa + (-! © + I ) 1) aNa 1 

In the paienthetical part of the scheme the elections fiom soclium- 
+ - 

reduce I to I, In the following scheme the elections fiom trl- 
phenylmethyl accomplish a like change : — 

2{C„H5),,C + I,. -> atCaHjjiCI 

1 

^ V 

3(c,n,hc + (2 0 + 1 + 1) — 

C. Addition of Hydrogen. 

In the pieceding reactions (i) and (2), the teivalent methyl 
carbon atom of triphenyl methyl functioned as a reducing agent 
by losing an election, and theieby becoming quadrivalent through 
the development of a positive valence On the other hand, when 
triphenylmethyl combines with hydrogen, the methyl caibon 
atom becomes quadiivalent thiough the acquisition of an electron, 

I e , the development of a negative valence. In this lespect, tri- 
phenylmethyl may be said to resemble ceitain non-metals 

Pieviously it has been noted that only negative hydiogen (H) 

or neutral hydiogen (H) acts as a i educing agent : H H -!- © ; 
+ 

H H -h ©. Positive hydrogen does not act as a reducing 
agent because the further loss of an electron would rendei 
4- +4- 

hydrogen bivalent, an unknown condition : H H -f © Hence, 
the interaction of the electrically neutral triphenylmethyl and 
neutral atomic hydrogen is perfectly analogous to the union of 
chloiiue and hydiogen atoms — 

H + Cl -> HCI 

I 

+ +- 
H + © + Cl -> Cl 

Atomic hydrogen reduces atomic chloiine to negative chlorine, 
or, in equivalent teims, ato'mic chlorine oxidizes atomic hydrogen 
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to positive hydrogen. In the following scheme, atomic hydrogen 
rgduces the tervalent methyl carbon atom, which, acquuing a 
negative valence, becomes quadrivalent in triphenylmethane 
H + -> HC(CeH,,), 

i 

H + © + (CallJ^C -> 11 C.(C„IIj),. 

D. Reaction with Nitrogen Dioxide (or Tetroxide). 
Schlenck and Mair found that nitrogen dioxide on inter- 
action with triphenylmethyl yielded simultaneously two pioducts 
as indicated in the equation — 

2{CcHr)aC + 2 NOj (ot N^Oj) {C„H„),C . NO» + (C„H,),,C ONO 
(inplwnyl- (trijihenyl- 

nitromcthanc) mctliylmtntej. 

In the electronic inteipretation of this interesting reaction, 
the foimei compound must be regaided as a deiivative of nitne 

- 4. 

acid, HQ NO.j, the latlei, a derivative of nitious acid, 

+ - -I- - - + 

H N Oj, or H O M 0 . The key to the interpretation 

IS found in the fact that nitrogen tetioxide is hydrolyzed by 
water yielding nitiic and mtious acids The following scheme 
takes into account the tautomeric foimuhe of N^O^, to which 
coiiespond the tautomeiic foims of nitious acid : — 


00 o 



Each of the five valences of the nitrogen atom m nitric acid 
IS positive, but in nitrous acid four are positive, and one is 
negative. Hence, in the tautomer H — O — N = O, nitrogen is 
tei valent since one positive and one negative valence are polai ized 
Note also that one nitio-radical functions positively, while the 
othei (either NO.j. ur ONO) functions negatively. Therefoie, 
when one molecule of triphenylmerhyl loses an election and 
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lunctions positively, another molecule of triphenylmethyl acquir'es 
that electron and functions negatively. Consequent union of 
negative triphenylmethyl with the positive nitro-radical yields 
triphenylnitromethane, while union of positive triphenylmethyl 
with the negative nitrb-i adical yields triphenylmethylnitrite. 
These changes aie indicated as follows ■ — 

a(C„H,),C {C,H„)„C ■+ (CeH,),C ^ 

N5O4 = z’nOj NO„ + NOj or ONO 

— 4. — 

(CflH,),C- NO3 (CflH„)C NOy or ONO. 

It should also be noted that, depending upon conditions, the 
dissociation of nitrogen tetroxide may proceed either ionically 
or molecularly. In aqueous solution, the dissociation is pre- 

sumably ionic, NjO* = (NOa) (NOj) =s 5 = NOj + NOj. since 

hydiolysis yields nitric and nitious acids as indicated above. 
But when nitrogen teti oxide is heated to 140°, its density coi re- 
sponds to the dioxide formula. Is it not possible that NO3, 
in which nitrogen is quadrivalent, exists as a free ladical just as 
(C(]H(|)aC is a free radical in which carbon is iervalent f Or, is 
not the dissociation of associated triphenylmethyl (hexaphenyl- 
ethane) exactly paiallel to the dissociation of associated nitrogen 
dioxide (nitrogen tetroxide)? This is quite evident from the 
following equilibiia- — 

(CsH5)jC.C(CeHj)3 = — C(C„H,), =;i= (CjH.JjC + (CjH.JjC, 

NaOj = (NO.,) (NOj) NOj + NOj. 

In each of the above non-ionic dissociations, the positive 
radical becomes neutral, or is reduced to a free radical, through 
the acquisition of an electron from the negative radical which is 
thereby also rendered neutral, i.e , it is oxidized to a free radical. 
These points of view may be summaiized as follows In 

ionic dissociation (A B A + B) the atoms or ladicals 

maintain their lespective charges. In molecular dissociation 
+ — 

(A B A + B) the atoms or radicals become electrically 

neutial through the transfeience of electrons from the negative 
ladical to the positive radical. Thus, fiee ladicals are foimed, 
and their activity is a facto- of their further tendency either to 
gain or lose electrons. In electionic lautomerism - 
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H - - + 

(A— B:^A I B=^A B) 

w fiiilliei tMii'^feieiicc of elections leveises the polarity of the 
constituent atoms oi tailicals, aiicl in this chani^c the inta mediate, 
rlnf! ini//]’ iieiiti a/ atonit or luolcaths (^1 and />’) ihe ciscntially 
ft re >adirah Thr^c oonits of vicio n'lve to emphasir.e the defini- 
tion of a fice tadhal ai an clcitniaUy naitial atom or molecule 
ivhich li capable of developing either pauhvc oi negative valences 
dcpendine^ upon eeitain conditions ivhich effect the loss or gain of 
elections 

In the followinjr interpietations of (E) the addition of xylene, 
(B'j the action of acids, and (G) the action of light, the electronic 
fornvda of ben zme plaj’s an essential pait. 


E. Addition of Xylene. 

Wielatul and Muller^"' fcmncl that the heating togcthei of 
ti iphenylmethyl and xylene yielded dimethyltetiaphcny! methane, 
-(t',IJ,)C + CVIMCIIJ, .= (C„H,),C.C„H„.(Cn,,), + {CaHr,),CH 
They intcipieted the leaction as pioceeding in two stages' first, 
the union of tuo molecules of tiipheiiylmethyl with one molecule 
of xylene; second, the elimination of one molecule of tiiphenyl- 
mcthyl with a hj’diogen atom of the benzene nucleus, These 
leactions aie indicated in the following scheme which employs 
centiic foimuhe — 


l\ 

>r'‘ 


I ' 


H-/ 






J/ \L 
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Every detail of this scheme may be correlated peifectly with 
the electronic foimulaof benzene, and with the pieviously de- 
scribed mechanism of substitution involving the centiic valences 
of the benzene nucleus It has been shown that, as a general 
lule, when hydrogen atoms oi substituents in positions i, 3, and 
S are negative, hydiogen atoms 01 substituents in positions 2, 
and 6 are positive; and vice vers^ Fuithermoie, the polarity 
of a centric valence of a given carbon atom of the benzene 
nucleus was shown to be opposite in sign to the polarity of the 
hydrogen atom or substituent united to that carbon atom. Now 
the capacity of the methyl carbon atom of triphenylmethyl to 
develop either a positive or a negative valence has been demon- 
strated in preceding paragraphs. Accoidingly, the addition of 
two molecules of ti iphenylmethyl to two of the centric valences 
of the nucleus, depends upon one molecule of ti iphenylmethyl 
functioning positively while the other molecule functions nega- 
tively The eleclionic interpretation of the intei action of tii- 
phenylmethyl and xylene is embodied in the following scheme — 



Fiom the above it is evident that the interaction of tri- 
phenylmethyl and xylene is not, stiictly speaking, an addition 
leaction, but rather a substitution reaction confoiming to, and 
thereby substantiating, nolf only the mechanism of substitution 
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pieseuted in pievious chapteis, but also the capacity of tri phenyl- 
methyl to function as a positive ion and as a negative ion. 

In consideiing (F) the action of acids, and (G) the action of 
light uiion Iriphenylmclhyl, the electronic formula; of the benzene 
nuclei of tnphenylmcthyl aie involved The phenyl ladical is 
connnunly spoken of as being negative in chaiacter, but if two 
phenyl ladicals aie united directly, as in diphenyl, the electronic 
conception of valence legards one phenyl as negative while the 

othei is positive (CV,HJ Now triphenylmethane is 

geneially made, eithei from benzal chloiidc, or from chloioform, 
through replacement of chloime by phenyl. Hydrolysis of 
cither of these h.ilogen compounds by potassium hydroxide 
ofiects the icplacement of chloime by negative hydroxyl. From 
this standpoint, the chlorine atoms function negatively, and their 
replacement by phenyl ladicals would indicate that the latter 
aie also negative in ti iiihenylmethane, and in triphenyhnethyl. 
Hence the electronic formula for triphenylmethyl, in which the 
valences of only one of the phenyl gioups need be indicated, is 
as follows • — 




n — / " N, 


It should be observed that the hydiogen atoms in the ortho- 
and para-positions are negative. The tendency foi negative 

hydrogen to lose an electron and become neutral (H ->© -h H) 
and the fuilhei lendeneyfor neutial hydrogen to lose an electron, 

and become jiositive (H -> © + H) has been considered pie- 
viously in connection with various icactions and inteipietations. 
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Therefore, it may naturally be assumed that the negative hydrogen 
atoms of the benzene nucleus are possibly less stable, m tl^ 
above sense, than the positive hydrogen atoms. Moieovei, if 
we consider, for example, the negative para-hydrogen atom in 
the above foimula of ti iphenylmethyl, what would be the im- 
mediate consequences of its becoming neutial through the loss 
of an election ? The positive valence of the para-carbon atom 
would be obliterated (neutralized or polarized) by the negative 
electron from the para-hydrogen atom. In other words, the 
para-caibon atom would be reduced to the tervalent state, and 
the resulting neutial hydrogen atom would be free or dissociated 
But its further tendency to lose another electron and thereby 
become positive might naturally lead to its immediate attachment 
to the unsatuiated tiivalent methyl-carbon atom which would 
develop a negative valence thiough the acquisition of the electron 
fiom the neutral hydrogen atom, and thereby hold in combina- 
tion the lesulting positive hydiogen atom. These changes (in- 
ti amolecular rearrangements) aie illustrated in the following 
scheme • — 


Formula I 
H H 



Formula II. 
H H 



This scheme, based upon the tendency of negative hydrogen 
to function positively, affords both an explanation and a 
mechanism of the wandering of the para-hydiogen atom to the 



SS THE EI.EC'IROSIC CONCEPTION OF VALENCE 


mclhyl carbon atom, and also shows how the paia-caibon atom 
in fnimula I foi tiiphcnj-lniethyl is lendercd teivalent in the 
t.uUomenc modification of foimula II. In othei woids, the 
methyl carbon atom of tautomei I. is teivalent, the paia-catbon 
atom of l.uitoinei 1 1, is teivaicnt. The existence of tautomei II. 
leadily lends itself to, and is the essential featiiie of, the follow- 
ing inteipretcition (Fj of the action of acids upon tn phenyl methyl. 

F. Action of Acids. 

Concerning the action of acids upon tuphenylmethyl, Gom- 
berg states that ‘‘ Hydrochloiic acid, and undoubtedly other 
acids, e.xcrt a peculiar catalytic influence upon tnphenylmethyl. 
The unsaturated, unstable hydrocarbon is thus conveited in the 
presence of small quantities of acids, into an isomeric stable 
hydiocaibon. This hydiocaibon was first prepared by Ullmann 
and lloi.sum, directly fiom tiiphenylchloiomethane, and Jatei by 
the wiitei fiom tnphenylmethyl as mentioned above It was 
Inst taken for the tiue stable hexaphenylcthane. But Tschitschi- 
babin definitely proved its constitution to be that of /-benzyl- 
hydiyltetiaphenylmethano. The leaiiangement takes place 
thus , — 

2(C„I15),C -> (C j-1,) ,cn— ' ' N-ctQH;) |.” 

This reaction is leadily interpieted by the e.xistence of 
tautomei II. (see preceding scheme) in which the para-carbon 
atom of one of the plienyl radicals is in the teivalent state 
The union of this caibon atom of tautomei II. with the teivalent 
methyl caibon atom of tautomer I would tiatuialiy take place 
becam-.e the para-carbon atom originally possessed a positive 
valence, and, theiefoie, tends to lose an electron, and thus again 
develop a po.sitive valence In turn, this election would be 
taken up by the unstable tervalent methyl-carbon atom of 
tautomer I. Combination of the resulting oppositely chaiged 
tautomeis uoiild then yield paiabenzhydryltetraphenylmethane 
according to the following scheme — ^ 

- c ~ ')C Q + I 

1 0 (C„II,),,C j 

(t’,,II,), ^ ~ C(CoH„)3 



»FR^E RADICALS' 


tS9 


G. Action of Light. 

Concerning the action of light, Gomberg has stated that 
“Solutions of til pheii}’! methyl in benzene are quite susceptible 
to light, especially diiect sunlight Like most photochemical 
processes of this type, the reaction in this instance also is aiito- 
Qxidation and t eduction Schmidl in showed that the following 
leaction takes place : — 

3(C8H,),C -s. 21C„H„)jCH + 

Schmidlin,^"® employing bi-moleculai formulie, has piesented 
the following scheme for this leaction . — 


H \ 




<d>/ 


/ 



CoHc c„n 






and he states that “ das leicht dissoziierbare Hexaphenyl-athan 
wild duich das Triphenylmethyl zum schwer dissoziieibaren, 
energieaimen Di-biphenylendiphenylathan reduzieit” 

Now the electionic formula for triphenylmethyl leaclily lends 
itself to an inteipretation of this hitherto unexplained reaction. 
First, it should be observed that not only the hydrogen atoms in 
the paia-positions to the attachment of the methyl carbon atom, 
but also the oitho-hydrogen atoms, are negative On the other 
hand, the methyl hydrogen atom of tnphenylmethane (one of 
the leaction piodiicts) is positive Thercfoie, the auto-oxidation 
and reduction effected by light involves the transition of negative 
hydiogen atoms from the oitho-positions to the unsatuiated 
methyl carbon atom of tnphenylmethane. Heie again the 
relatively unstable negative oitho-hydrogen atoms first become 
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neutial, H H + Q, and the nej^ative electron obliteiates the 
positive valence of the oitho-caibon atom thus making it ter- 
valent Tlie nential oi fiee hydiogen atom becomes positive 

thiough the loss of an election, H — > I I + ©, which leiidcis the 
unsatiiialed methyl caibon atom of li iphenj’lmeth)’! negative 
Union of negative tiiphenyl methyl with positive hydiogen then 
yields tiiphenylmethane, and the union of the oitho-tervalent 
caibon atoms, by the tiansfei of an election fiom one to the 
other, completes the formation of biphenylenediphenylethane. 
Employing the biiefer uniinolecular formiilre, the electronic 
inteipietation is embodied in the following schemes (i) and (3). 
The fust shows the effect of the conversion of the oitho-negative 
hydiogen atoms to the fiee 01 neutial state, and the union of the 
resultant 01 tho-tervalent caibon atoms, which leaction is an 
intramolciuUxr o.xuiixtioH axxd icductum. The second shows the 
1 educing action of the neuti.d hydiogen upon triphenylmethyl 
y ielding tiiphenylmethane. 



Thus the action of light in this particulai instance involves 


the change, H -> H + 2©. In this connection it may be of 
inteiest to lecall that in the pieceding chaptei the action of liglit 
in effecting nucleus substitution in the side-chain was shown to 
in\'olve the conversion of positive halogen to negative halogen, 
V 

Cl -> Cl -I- 3 @ These piocesses are analogous in that each 
invohes aiito-oxidation and reduction 

H. Electrical Conductivity. 

Gombeig found that the tiiarylmethylhalides behaved truly 
like salts in that they manifest molecular conductivities which 
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increase with the dilution. He states ; “ It was thus definite!} 
established that theie aie ‘caibonium’ salts in the tine sense 
of the definition applied to salts. The conclusion was dia'ivr 
that the basic propeities, b}? viitue of which the salt formatioi: 
occurs, reside m the central methyl carbon atom.’’ This con- 
clusion is still held by some, but Gombeig later gave up this 
interpretation, presenting evidence which favoured the quinot 
hy/'olhesis Accoidingly, he states that “since the raanifestatioi: 
of colour and the salt-like properties of these substances ai£ 
simultaneous, the conclusion seems wairanted that both these 
phenomena aie the lesults of one and the same cause, i.e., tauto- 
merization to the quinoid state. Consequently, these salts were 
named quinoLarbontuni salts coriesponding to the quinocarboniuth 
base : — 

(C,H,)jC . OH (C„H„), = C = 

\=/ \0H 
(Qumocarboiuum base) 

“For obvious reasons, the basicity was now assumed to lie 
in the quinone nucleus, in the C* and not in the central carbon 
atom as had been originally supposed.” 

From these two points of view, triphenylmethylchloiide (oi 
other halides) may be represented electronically as carbonium oi 
quinocarbonium salts by the lespective formulie — 

(C,H,),C X (C,H,), = C = r + 

X. 

Since hydiolysis with potassium hydroxide yields potassium 
halide and the base, it follows that the tiiphenylmethyl ion 
(either foimula) is positive. This brings us to considei the 
“ unexpected discovery that triphenylmethyl itself behaves like 
an electrolyte when dissolved in liquid sulphur dioxide,” and con- 
cerning which Gomberg has raised the question in these words ; 
“ How is this stiange phenomenon, a hydrocarbon behaving like 
an electrolyte, to be accounted for ? Several explanations have 
been offered, but none of these is entirely satisfactoiy.” 

Now since tiiphenylmethyl has been shown to act similarly 
to metallic sodium in several reactions (notably Section A and 
B of this chapter) for which the electronic interpretations were 

based upon the parallel tendencies — Na Na -f 0, and 
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V 

(C„H,,)jC -> ('rrJ-i,,)„C + 0— /J it not possible that the electrical 
cir^ifintivities of soil tin n in li.jiuii ammonia, and tnphcnylmeihyl in 
lujnid Milphti) dioxide, aie pei fatly analogous phenomena inter- 
pnctahlc in simiUu tcims '' 

An explanation of tlic conductivity of sodium in liquid 
aminoiiia solution will be consideied fiist. Cady,’"’^ and later 
Frauklm and Kiau-^/"’’ found that when sodium was dissolved 
in liquid ammonia, the solution was a good conductoi, but there 
ivas no I'istble separation of any pioducts of electrolysis at the 
clectiodcK, neither svcie iheie any signs of polarization. Since 
conductivity picsupposes the existence of positive and negative 
ions, pel haps the simplest explanation of the formation of ions 


in this case depends upon the change, Na -> Na + 0, which at 
once accounts foi the positive ions. But what disposition is to 
be made of the negative election? What is its function? The 
nitiogen atom in ammonia is teivalent but is legarded as un- 
srituiatcd since it possesses potentially one fiee positive and one 
fiee negatne valence as ciiclenccd by its combination with watei 


(H OH) 01 hydiogen halide (H X) - 


H X HN " 


Hence, it may be assumed that the negative election (fiom 
sodium) neutiahzes or polarizes the potential positive valence of 
the nitrogen atom of ammonia thereby developing a negative 
valence — 

Na — > Na i- Q, 

NH,(^ II,,N±) s Q NHj 

111 other woids, the ammonia molecule is converted into a 
negative ammonia ion With positive sodium ions and negative 
ammonia ions, conductivity is leadily explained Sodium ions 
+ 

,ite discharged at the cathode (Na + 0 -> Na) and the libeiated 
metallic sodium immediately dissolves and leionizes in the liquid 
ammonia The negative ammonia ions aie simultaneously dis- 
ch.uged at the anode with the immodiate legeneiation of mole- 
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cular ammonia (NH, + 0->NH3). This scheme not only 
accounts for (i) the conductivity, but also explains (2) the 
absence of products of electrolysis at the electrodes, and (3) non- 
polaiization. 

Other facts will now be consideied which substantiate the 
preceding explanation One of the difficulties encountered in 
conductivity measurements on solutions of sodium in liquid 
ammonia is the marked decrease in concentration of sodium 
through interaction of solute and solvent forming sodamide and 
hydrogen ; — 

sNa + aNHj zNa.NHj + Hj. 

What is the mechanism of this reaction? The existence of the 
+ “ 

ions, Na and NH3, affoids a logical interpretation. Conespond- 
ing to the ions m a given solution, there is always the possibility 
of the existence of some undissociated molecules. In this 

instance, union of the ions, Na and NHj, would jueld the 
molecule, sodium ammonia, Na.NHj, the complete electronic 
formula being — 

H 
I + 

+ - I - + 

Na N H 

It is at once evident that this compound is exceptional in 
that its nitiogen atom is quadrivalent, Let it now be recalled 
that just as caibon is tervalent in so nitrogen was 

shown to be quadrivalent in NO,, and each of these compounds 
may be regarded as a free radical. Their reactivity was ex- 
plained by the abnoimal valence of the carbon and nitrogen 
atoms and theii tendencies to reveit to the normal valence by 
gain or loss of electrons. In the same sense, the above sodium- 
ammonia compound may be regarded as a free ladical — an un- 
stable compound containing quadiivalent nitrogen.* Greater 

* This conception of a fret; rad’cal embraces the interesting and significant 
organic amalgams prepared by McCoy and Moore ™ For example, tetramethyl 
ammonium amalgam was prepared bj the electrolysis of cold alcoholic solutions of 
tetramethyl ammonium chloride using a mercury cathode. In this reaction, the 
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stability would ensue if the nitrogen atom became tervalent 

+ 

tlirough the loss of an election; and, If one of the H atoms 
acquires this electron, that hydiogen atom would be rendeied 
neuttal, i.e., fiec or dissociated, and sodium amide would be 
foimcd. Combination of libeiated hydiogen atoms yields 
molecular hydiogen. The complete electionic scheme for the 
foimation of sodium and ammonia ions, moleculai sodium 
ammonia, and sodium amide and hydrogen, is as follows : — 

H 

Na © + 

NH, + 0 -> 

1 11 

N.i N _ 

H 

tetraiiifthjl aiiiiiionmm ion (in which nitrogen is quinqiievalent) loses, its positive 
charge or valence whereupon the nitrogen atom is rendered quMUivalcnl, 

(CH,),N +0-^(CH,hN 

(dissohed in Hg) In other words, tetraiiietliyl ammonium, (CHj)jN, is a free 
radical in the same sense that NO, and NaNH.are free radicals. Each ts a com- 
pauudcif qmubtrnlcnt nihos;cii. The instability or reactivity of tetramethyl ammonium 
IS tliic to the tendency of its nitrogen atom to develop a positive valence through 
the loss of an election. Tins explains its vigorous reaction with water yielding 
tflrainethj 1 animonium hydroxide and hydrogen , — 

(Cnj,N (CH,hN + 0 

- + 

H OH OH + H 

I I 

(CIlJjN . OH II (aH = II„ = II H). 

McCoy and Moore st.ile that the tetramethyl ammonium radical acts on solu- 
tions ol copper and zinc s.alt.s, replacing these metals m the salts and setting free 
the metals themselves. The clcctionic scheme is as follows ■ — 
d" 

2(CHj)jN -> 2(CHJ,N + 2 0. 

-b-b 

Cu -b 2 0 Cu. 

'these reictions show the striking analogy existing between fiee radicals and 
metals, their bch.avionr being identical in many instances. 



+ - 

+ H (zH = li.. = I-I H), 
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Further evidence foi the existence of the soduim-ammonia 

compound foimed by the union of the ions Na and NHj'^is 
afforded by the work of Joannis”® showing 'that in solutions of 
sodium in liquid ammonia, two molecules of sodium unite with 
two molecules of ammonia forming NajNoHc. This is readily 
explained by the existence of the fiee radical, Na , NHj, in 
which nitiogen is quadrivalent. The tendency for two such fiee 
radicals to associate would lead to the foimation of NaoNgHj 
accoiding to the following scheme. — 


+ — F — + "1 

Na NHj - 5 . 0 + Na NHs| 

Na'^ NHj + Q Nai^NnJ 


— NHj 

— NHj 


■fhe above leaction is exactly paiallel to the union of the 
two free radicals, nitiogen dioxide, to foim nitiogen tetioxide — 


NO, 0 + NO.'j 
NO, + 0 NoJ 


NO, 

I = N,0„ 
NO., 


or to the union of two free radicals of tiiphenylmethyl to foim 
hexaphenylethane as previously described. 

Having shown that the conductivity of solutions of sodium 
in liquid ammonia may be explained by the existence of the 

ions, Na and NHj, and that their union yields the free radical 
Na.NHj, the instability of this radical in turn explained the 
foimation of NaNH., and of Na2N2H,. The quadrivalent nitiogen 
atom in Na.NHj became tervalent in foiming NaNH,, and 
quinquevalent in the compound NajNjH,. The conductivity of 
solutions of triphenylmethyl in liquid sulphur dioxide may now 
be considered. 

The triphenylmethyl molecule is converted into a positive 
ion by the loss of an electron (either from the methyl carbon 
atom or from the para-carbon atom of the quinone ring, quino- 
carbonium base), This electron converts a sulphur dioxide 
molecule into a negative ion. This follows fiom the fact that 
sulphur dioxide, like ammonia, possesses potentially one fiee 
positive and one free negative valence. (Combination with 
water yields a tautomeric form of sulphurous acid, thus — 
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I - 

(SO, - O.S +) I- II. ot 


The negative electron from triphenylmethyl polaii^es the potential 
positive valence of the sulphur atom of sulphur dioxide theieby 
developing a fiee negative valence In other woids, the tii- 
phenylmelhyl molecule becomes a positive ion and the sulphm 
dioxide molecule becomes a negative ion according to the scheme 
of the following leactions (i) and (2): — 

(I) (C„H„),,C -> © + (C„H,),C. 

W 0,a± + © -> SO, 

The existence of these ions would account for the conduc- 
tivity of triphenylmethyl in liquid sulphur dioxide solution The 
pioduct.s of electrolysis aie tiiphenylmethyl at the cathode 
through the leveisal of reaction (i), and sulphur dioxide at the 
anode thiough the leveisal of reaction (2), or the equivalent 

change, SOj -f © -> SO.„ This scheme is identical in principle 
with the scheme foi the ionization of sodium and ammonia 
previously desciibed 



Summary. 

Briefly summaiized, the inteipretations of a number of the 
chaiacteiistic piopeities of fiee radicals, paiticularly tiiphenyl- 
methyl, 111 teims of the electronic conception of positive and 
negative valences, have led to the following conclusions . — 

(1) free radicals aie comparable in many respects to the 
elect! uuHy neutial atomic state. 

(2) The instability, or leactivity, and general chemical pro- 
perties of free radicals depend upon theii development of 
positive or negative valences through the loss or gain, respec- 
tively, of negative electrons. In other words, free ladicals may 
act either as reducing or as oxidizing agents. 

(3) The adaptibility and tendency to lose or to gain elections 
are piopeities of certain atoms in the free radicals The valences 
of these atoms are variable both as to numbei and to polaiity. 

(4) Not only triphenylmethyl add other triarylmethyls, but 
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also nitiogen dioxide, sodium-ammonium, tetiamethyl am- 
monium, and other compounds, as well as certain elemei^ts, 
may be regaided as free ladicals. 

(5) Some of the peculiai reariangeraent reactions manifested 
by tiiphenylmelhyl are readily inteipieted by means of the 
electronic formula of benzene. 

(6) Evidence is piesented in support of the view that there 
IS a close analogy between the electiical conductivity of tiiphenyl- 
methyl in liquid sulphur dioxide solution, and the conductivity 
of sodium dissolved in liquid ammonia. In the foimei instance, 

+ — + — 
the ions aie (C,, 115)30 and SO3, in the latter, Na and NH3. 
The existence of these ions is substantiated by the founation in 
solution of the free radical, sodium-ammonium, NaNHj, the 
electronic foimula of which lends itself to an interpretation of, 
and a mechanism for, the reaction in which sodium amide is 
formed, as well as the compound NajNoH,;. 

(7) Finally, it is hoped that the definition and conception 
of free radicaL (herewith developed, applied, and confiimed by 
interpietations of numerous reactions) may prove to be fiee fiom 
the more or less vague and mystical ideas which have chai- 
actenzed the use of the term “free ladical” in the history of 
chemistry, 

It is only through the employment of the electronic concep- 
tion of positive and negative valences and elect! onic foimula 
that the interpretations of the existence and propeities of free 
radicals, and the general conclusions here presented, are possible. 
The literature upon this subject shows that ordinal y structural 
foimulre afford very limited aid. 




PART III. 

PHYSICAL PROPERTIES AND PHYSICO-CHEMICAL PHE- 
NOMENA MOLECULAR VOLUMES, ABSORPTION OF 
LIGHT AND FLUORESCENCE 




CHAPTER XVII. 


THE ELECTRONIC FORMULAE AND MOLECULAR VOLUMES OF 
THE CHLOROBENZENES 

In Part IL, Chapters VII. to XVI. inclusive, the constitution of 
benzene, substitution in the benzene nucleus, and the chemical 
properties of benzene, as well as many of its derivatives, have 
been interpreted in terms of the electronic conception of valence 
and the electronic formula of benzene. The puipose of Part II, 
has been to substantiate the electronic conception of valence and 
the electronic formula of benzene chiefly by the enumeration, 
explanation, and inteipretation of chemical properties and reactions. 
There now remain many physical properties and physico-chemical 
phenomena^ such as molecular volume data, light absoiption, and 
fluorescence data to be explained in teims of the electronic con- 
ception of positive and negative valence The discussion and 
proposed interpretation of these physical and physico-chemical 
phenomena constitute the subject matter of Part III., Chapters 
XVII. to XXII. inclusive. 

A. Molecular Volume Anomalies. 

Fuither evidence for the electronic formula of benzene may 
be found in the development of a relationship between the 
electronic formulse and the molecular volumes of mono-, di-, tri-, 
tetra-, penta-, and hexa-chlorobenzenes. What are the essential 
features of the relationship existing between the molecular 
volumes of these six compounds and their respective electronic 
formuliE? 

Apropos of this question, consider the remarkable anomaly 
first noted by Staedel that /3-halogen compounds always pos- 
sess smaller molecular volumes than their isomeric a-halogen com- 
pounds. For instance, the molecular volume of CHjCHXCHjX 
is about three units less than that of CHgCHjCHXa. Thus, two 
structurally similar molecules may possess difleient molecular 
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volvimes, and there is nothing in the oidinaiy structural formuls 
of these isomers to account for, or to coi relate, these diffeiences. 

Le Bas ““ has proposed an explanation of some of these 
anomalies in his hypothesis of paitial or incomplete rings, and 
his examination of the molecular volumes of numeious compounds 
has led to the following results which must be consldeied in 
this papei • {a) If a paiaftin compound be substituted by a 
halogen atom oi othei unsaturated substituent more than once, 
the volume of the compound is normal, or subject to the additive 
rule, provided that the substituents be attached to a ‘ single 
carbon atom, (/i) If they aie distiibuted among ser^eral caibon 
atoms, theie are always contiactions of a constituent natuie. 
It matters not how many hydiogen atoms of the teiminal carbon 
aie substituted, the contiactions aie dependent upon the number 
substituted in the /3-position (c) For one substitution in the 
/3-position the contraction is a little over thiee units, For two 
substitutions in the /3-pusition the contiaction is about six units, 
or neatly double the fiist Substitutions in the 7 -posiLtoii always 
involve greatei contiactions than substitutions in the /9-position , 
and it is conceivable that substituents in the S-position would 
result in still greater contractions. 

In e.xplanation of these lesults LeBas**‘‘ states that inter- 
mediate between open and closed chain compounds are what are 
known as partial or incomplete lings “ In order that they may 
be formed, it is necessary that two atoms or groups, which may 
be supposed to possess tesicUial affinity, occur in a hydrocaibon 
chain attached to diffeient caibon atoms. If the caibons are 
ncai to each othei, there is no need to suppose any variation 
fiom structure u.sually considered when the tetrahedial arrange- 
ment of the valency links of caibon is understood. The addi- 
tional feature of curv'^atiire of the hydrocaibon chain may also be 
the normal condition of things In the case of saturated com- 
pounds the plane foimulee are figured thus • — 

CH„ X . 

I 1 

CHj Y/ 

If the two attiactmg groups are united to caibons not in the 
immediate neighbourhood of each othei, we must suppose that 
they aie brought near by the curvature of the hydiocaibon chain, 
or the alternative supposition just given is tiue. In any such 
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case, such a structure affects the molecular volumes of com- 
pounds ” Thus : — 


/CH„— 

<ch;_ 


It IS not the purpose of this chapter to disparage or discredit 
the explanation of Le Bas, but, rather, to propose a new ex- 
planation based upon the electronic conception of positive and 
negative valences as follows • Halogen atoms (and other sub- 
stituents) may function positively or negatively. Halogen atoms 
substituted in the a-position alone, or in the /3-position alone, 
cause no contiaction; but each of the halogen atoms in the /3- 
position occasions a contraction of about three units provided one 
or more halogen atoms are present in the a-position. May vve 
not assume, then, that the differences or contractions in the mole- 
utlar volumes 0/ the isomcis are due to differences in the polarities 
of the halogen atoms or substituents, in the a- and ^-positions 
respectively ^ Further, may we not assume that differences in 
polarity are directly related to differences in the relative atomic 
volumes of the halogen atoms or substituents ? For purposes of 
illustration, suppose that the halogen atoms in the a-position 
function positively, while those in the ^-position function nega- 
tively (evidence will be presented shortly) and that the atomic 
4- — 

volume of X is greater than that of X. Then, electionic formula, 

such as CH3CH2CHXX, and CH3CHXCH3X, correlate the fact 
that the molecular volume of the a-di-substituted compound is 
greater than that of the isomeric a, ^S-di-substituted compound, 
the difference in the molecular volumes being due to differences 
+ — 

in the atomic volumes of X and X.’* Such a coirelation cannot 
be shown by employing the ordinary structural foimulm of the 
compounds in question. 

The above assumptions may now be correlated with a number 
of facts which are readily interpreted in terms of the electronic 


* It ahoukl be noted that when diffeient atoms, such as chlorine and carbon, are 
united, a change in the polarity of one, involving a change in the polarity of the 
other, would concomitantly alter the atomic volumes of both atoms, but the atomic 
volume of each atom would not be altered to the same extent. Accordingly, the 
molecular volume data under consideration in this chapter are regarded as a measure 
of certain additive and constitutive effects involving the polarity and the atomic 
volume of certain atoms. 
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conception of positive and negative valences It has been noted 
that wlien a paraffin compound undergoes substitution moie than 
oifte, the molecular volumes of the substitution pioclucts aie 
noimal, i.c., subject to the additive uile, provided that the sub- 
stituents me linked to a single carbon atom In this connection 
considei the diiect substitution of chloiine in methane which 
may be represented thus ■ — 

H H 

+ s- +- + + +- 

tl C H + Cl. Cl -4. H C Cl + H Cl. 

+ + 

H H 

Successive substitution of positive chlorine atoms would result 
in the formation of compounds of fotmulie, 

f H" ■f' + + 

CH,(CI),, Cn(CI),, and CtCI)^. 

If we taliulale the molecular volumes (V,„) of these compounds 
and the volumes of then hydrocarbon gioups, the diffeiences be- 
tween these values will give the volumes of their chloiine atoms 
which aie indicated undei (;;C 1 ) in the following table, n being 
the numbei of chlorine atoms in the respective compounds ; — 


Compound 

|V,„.) 

Volume Hvdro* 
carbon Group. 

(iiCl 1 

CHnCl, 

65 I 



cnch . . 

5 

iS*5 

CCI, . 

1037 

lA 8 

1 X 


The data show a slight inciease in the atomic volumes of 
the chlorine atoms as they accumulate m the molecule. The 
elect! omc schemes for the substitution leactions (in the absence 
of intramolecular oxidation-ieduction leactions) indicate that the 
substituted chlorine atoms function positively. The molecular 
voluijie data indicate that the average atomic volume of these 
positive chlorine atoms is very nearly equal to 22 o. 

The next que.stion to be consideied naturally relates to the 
atomic volume of the chlorine atoms which function negatively. 
All extension of the hypothesis to the constitution and molecular 
voliime.s of ethylene and ethylidene dichlotides leads to some 
intei esting conclusions. The values with lespect to these isomeis 
are as follows • — • 
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Compound 


Volume of Hjdco 
Lnrbon Group 

(«C1) 

CH^ . CHCL 

SSg 

445 

2 V 22-2 

CII.CI CH.,CI . 

85-3 

irs 

2 X 20 4 


Fiom the data it appeals that the average atomic volume of 
the chlorine atom in ethylidene dichloiide is 22-3; in ethylene 
dichloride, 20'4. Correctly to interpret this constitutive effect, 
account must be taken of the fact that in the majoiity of the 
aliphatic compounds of the type RCl in which only one chloiine 
atom is substituted on a caibon atom, the average atomic volume 
of this single chloiine atom is 2i ‘S. Since the chlorine atoms in 
ethylene dichloiide are singly attached to separate carbon atoms 
and their total volume is 40'8, the volume of each cannot be 
21' 5 Consequently, it follows that if one of these chlorine 
atoms has the usual volume of 3i 5, then the volume of the othei 
chlorine atom must be ig'3, ie, the difference between theii 
total volumes, 40'8 and 2i'5. While none of these values is 
absolute, the data indicate a possible correlation of moleculat 
volume data and electronic formulm. Thus, if the a-chlorine 
atom has a greater atomic volume than the jQ-chloiine atom and 
functions positively, then, in contra-distinction, the /3-chloriiie atom 
would be assumed to function negatively The correlation of 
the electronic formulm and atomic volumes of the chloiine atoms 
of ethylidene and ethylene dichlorides may be summarized thus : — 

isomers, («CI ) 

CHj . CHCICI ^4 4 (2CI = 2 X 22-2 = 44 4) 

- -h - + 

CH3CI . CH2CI 40 8 (Cl + Cl = 19*3 + 21 5 = 40'S) 

From this point of view, the difference between the molecular 
volumes of ethylidene and ethylene di-chlorides is not dependent 
on the idea of the foimation of a paitial iing, as assumed by 
Le Bas in the case of ethylene dichloiide, but is due to a differ- 
ence in the atomic volumes of the a- and /3-chlorine atoms which 
aie assumed to function positively and negatively, respectively 
Further evidence for the assumption of this difference of polarity 
is found in the union of chlorine with ethylene. Tile hydrolysis 
of chlorine (previously indicated) yielding hydrogen chloride 
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(H . Cl) and hypochlorous acid (HO . Cl) indicates that the 
+ “ 

cTilorinc molecule may jdeld Cl and Cl on dissociation Accoid- 
inyly, the addition of chloiine to ethylene is leptesented thus — 
Cl Cl 

Cl Cl -1- HoC ^-CII, -> HoC^*^ CH„. 

The “ opening” of the double bond of ethylene may be legarded 
as the simultaneous development of a free positive valence on 
the one carbon atom and a fiee negative valence on the other, 
which valences, lespectively, bind the negative and positive 
chloiine atoms. In other woids, the chloiine atoms m the 
«- and /3-positions are of opposite polarity. 

An analogous situation, indicating that the a-substituent 
tends to function positively while the yS-substituent is negative, 
+ — 

is found in the addition of hydrogen chloride (H . Cl) to aciylic 
acid yielding /3-chloropropionic acid exclusively, thus — 

Cl H 

|- +j 

H Cl + H2C-=^CH . CO,H ^ H.G CH . CO2H, 

Note also in this connection the addition of hydrogen bromide 
to a-bromo acrylic ester. Again the positive substituent unites 
with the n-caibon atom while the negative substituent assumes 
the /3-pnsttion, thus • — 

Br II 

r "*"1 

II Br + H,C-=— CBi.COjCH, -> H,C CBr.COjCHj, 

This compound, «, y8-di-bromopiopioiiic ester, is also the pio- 
diict of the addition of bromine (Br . Br) to aciylic ester, and in 


' tddition leaclions involving the two types of double bonds, */•/« (C=^C), 

+ - 

— + 

and (C=— C) (Fry, Z fliysd, Chem , 76, .|.oo (1911)), renders possible 

an interpretation of many of the anomalous addition reactions studied by Michael 
from tlic standpoint of his “chemical neiitralwation ” theory 
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view of the pi-eceding facts the a- and /3-bromine atoms are, 
icspectivc!}', positive and negative Now the molecular volume 
of a, /3-di-bromopiopionic ester is 3 9 units less than that of ns 
isomei, the n, n-compoimd Thus it appears that the a-substi- 
tuents have a gi eater atomic volume than the /3-subbtituents and 
a relationship exists between the electronic foimulre of these 
isomeis and their molecular \'olumes which is summaiized as 
follows 

+ + 

(n, a)CH, CUrBi.COXH, . . . V,„ = ig6 3 

(a, B) CHjBi.CH.Br.COjCH, . . . V«. = 152-4 

Dilterence (V. Br - V. Br) ... =3-9 

The preceding facts and their corielation with the electronic 
formLiL-E lead to the assumption that the atomic volume of the 
positive halogen substituent is gi eater than that of the negative 
halogen substituent Consequently, the diffeienccs between 
the moleculai volumes of the isomers in question is related in 
some way (to be considered later) to diffeienccs in the polarities 
of the substituents in the a- and /3-positions. This hypothesis 
may now be extended to the explanation of the remarkable 
anomalies met with m the atomic volumes of the chloime atoms 
in the several chloiobenzenes, especially hexa-chlorobenzene. 
The existence of a relationship between the molecular volumes 
of the chloiobenzenes and the electronic formula of benzene 
will be definitely indicated 

B. The Electronic Formulae of the Chlorobenzenes. 

In previous chapters numerous facts have been piesented and 
interpreted by means of the electronic formula of benzene A 
substitution lule has been developed showing that when substi- 
tuents are of the same sign or polarity they will occupy positions 
which aie meta to each other, but if two substituents are of 
opposite sign or polaiity they will occupy either ortho or para 
positions to each othei The development of this rule depended 
upon the fact that the electionic foimula of benzene is the only 
formula which presents conjointly a stiuctuial basis and an elec- 
tronic interpretation of the relations between ortho and para 
positions and substituents in contiadistmction to meta positions 
and substituents. Now, if tne electionic formula of benzene 
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is subject to correlation with the molecular volumes of the 
chlorobenzenes, the following conditions must be fulfilled: (i) 
Sebstituted chloiine atoms occupying ortho or paia positions 
to each other must be of opposite polarity while those occupying 
ineta positions to each other must be of the same polaiity 
(2) It has been indicated that chloiine atoms which function 
positi\ely possess a gieater atomic volume than those which 
function negatively Consequently, positive chlorine atoms in 
the benzene nucleus must possess greater atomic volumes than 
the negative chlorine atoms in the corresponding para or ortho 
positions. These conditions would be fulfilled completely if it 
is shown that, for instance, in hexa-chlorobenzene 


Cl| 

Cl' 


ci- 


the positive chloiine atoms in positions i, 3, and 5 possess greater 
atomic volumes than the negative chloiine atoms in positions 2, 
4, and 6 To this end, consiclei, first, the elections schemes foi 
the formation of the si.x chlorobenzenes whose moleculai volumes 
piesent the remaikable anomalies that demand an explanation. 

The direct substitution of chloi ine in the benzene nucleus, 
genei ally effected with the aid of halogen caiiiei.s, corresponds 
to the following simplified scheipe I. • — 


11 Cl 

H II + - Hf V + - 
+ t-'l Cl -> + II Cl 

H- H- 

m which positive chlorine is intiodiiced. The extended sub- 
stitution of chloiine j-ielcls the seveial di-, tri-, tetia-, penta-, and 
IiL-x-.a-cIiloiobeiuenes. Direct substitution, as indicated, effects 
the mtiodiiction of a positive substituent, but the electioiiic 
founula of benzLMie lequires that poly-substituted derivatives em- 
body' negative substituents as well. The existence of the negative 
substituents depends upon the electionlc tautomciism (foi ex- 
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ample, Cf,H„Cl of some of the derivatives which in turn 

undeigo further substitution With icfeience to the formation 
of paia-di-chloiobenzene, 01 any other di-substituted derivative, 
lecall that if a given substituent in the benzene nucleus is positive, 
the enteiing positive substituent will occupy the meta position, 
but if the mono-substitiient is negative, the enteiing positive 
substituent will occupy paia 01 oitho positions. The chloii na- 
tion of mono-chlorobenzene yields chiefly para-di-chloiobenzene. 

4. — „ 4 

Consequently, electromer C„HjCl (and not electromer C^^HjCl) 
undergoes substitution according to scheme 11. . — 

Stheme II. 



Schemes I. and II. in conjunction with the piincipleof electronic 
tautomerism show that a given positive substituent may, under 
certain conditions, function as a negative substituent, but in 
para-di-chlorobenzene the halogen atoms are of opposite polarity. 
This not only follows from the electronic formulae but is con- 
fiimed by experimental facts, notably the reactivity of the 
negative chloiine atom and the non-reactivity of the positive 
chlorine atom when paia-di-chlorobenzene is heated with methyl 
alcohol solution of sodium methylate. T/te 7 -eaction co}tfon)is 
quantitatively to the electronic equation . — 


-t- - + -t - -1- - 

Cl . C0H4 . Cl -V Na . 0CH3 -> Cl . C„Hj . OCHj + Na . Cl. 

Anothei lemaikable difference between the chlorine atoms 
in paia-di-chloiobenzene will shortly be consideied in connection 
with their atomic volumes. 

In the complete scheme for the foimation of the six chloro- 
benzenes in question, a number of systems of electronic tautomei- 
ism aie involved, but in the following abbieviated scheme III, 
only those electronic formulae have been included which aie 
directly related to the present investigation, namely, the correla- 
tion of the molecular volumes of mono-, i ; 2 di-, i • 2 4 or 
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1 • 4 ; S tii', I ■ 2 ;4 • 5 tetra-, peata-, and hexa-chloiobenzenes 
with their lespective electronic formvihe. The electronic foimula; 
of *thL-ie compounds, are indicated in the following scheme III 
by the letteis A, B, C, D, E, and F 


SiJirwc III 



The scheme involves thiee systems of electronic tautonieiism, 
namely, (A A'), (C C'), and (E E'). Beginning with 
benzene, each of the six successive chlounations introduces only 

one positive substituent. Cl, as has been illustrated m preceding 
schemes I. and II Note that A', C', and E' (the respective 
electromeis of A, C, and E) yield on chloiination B, D, and F, 
lespcctively. Compounds B, D, and F do not possess electiomers 
because they contain an zurw number of substituted 

chlorine atoms. On the other hand, the electionic foimulm A, 
C, and E aie in tautomeric equilibrium with their lespective 
electiomers A', C', and E' since they embody an uneven number 
of substituted chloiine atoms and the number of theii positive 
substituents is unequal to the number of theii negative sub- 
stituents. 

Befoie tabulating the molecular volume data, it will facilitate 
compai Isons if the electronic foimuiiE of the six chlorobenzenes 
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are lewiitten in juKtaposition and with the positive substituents 
in positions i, 3 , and 5 , and the negative substituents in positions 
2 , 4 , and 6 . Such an airangcment will not alter in the least 
the electronic foiinuke of these compounds as deiived in the 
pieceding scheme the lelative positions and polaiities of the 
substituents lemain the same 


Cl Cl Cl Cl Cl Cl 



C. The Molecular Volumes of the Chlorobenzenes. 

The preceding ariangement of the electronic foimulse of the 
six chloiobenzenes (A-F) selves as a key to the following table 
of molecular volume values ; — 


ChlorobcnzcncB 


v,„ 

v-.„ 

V,,C1 

- 

A Mono- 

(odd) 

II4 6 

ga a 

21 8 


B I ; 4.D1- 

(even) 

I30'9 

896 

41 3 


€1,4; s-Tn- 

(odd) 

MQ-i 

864 

62 7 


D. I 2.4, 5-TLtra- 

(even) 

164-8 

832 

81-6 


E I 2 3:4. 5-Penta- 

(odd) 

183-9 

800 

103-Q 

223 

r9'3 

F. 1 . 2 3 • 4 5 6-He\a- 

(even) 

200-0 

76-8 

123-2 



The first column embodies the names of the six chloro- 
benzenes, A to F, inclusive The designation (odd) or (even) 
refers to the numbei of chlorine atoms in the respective com- 
pounds, The former aie unsymmetiical in stiucture , the latter, 
symmetiical. The molecular volumes of the chlorobenzenes, 
oiiginally determined by Jungfleisch,*^'' and subsequently le- 
tabulated by Le Bas, are given in the second column, V„, The 
third column indicates the moleculai volumes of the hydiocaiboa 
groups of the compounds, V',„. The difference between the 
moleculai volume of a given chlorobenzene and its hydrocarbon 
group (V,„ - V',„) gives the molecular volume of its chlorine 
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atoms, V,CI, column foui. The last column is one of cliffeiences 
between the total volumes of the chlorine atoms of the 
sucecssive compounds Foi example, the atomic volume of the 
chloiine atom in mono-chloiobcnzcnc is 31 - 8 . The combined 
atomic volumes of the two chloiine atoms in i • 4 di-chloro- 
benzene is 4i‘3. The difference between these values, namely, 
IQ'S, is, theiefore, the volume of one chloune atom whde that 
of the othei in the para position is 3 1 8 . The electronic formula 
of benzene has shown that substituents paia to each other are 
of opposite polarity. Since previous investigations have indicated 
that the positive chlorine atom may have a gi eater atomic volume 
than the negative chlorine atom, the correlation between the 
atomic volumes and the electionic fotmula is maintained in paia- 
di-chloiobenzcne. Fuither correlations arc maintained thiough- 
out the senes of the si.x chlorobenzenes since the column of 
difterences (A) shows that the chloune atoms successively sub- 
stituted vaiy 111 theii atomic volume values by an aveiage differ- 
ence of ± 3 o units This simultaneous variation in polaiity and 
atomic volume is emphasized by the letabulations in the following 
table •— 



Relative 

RoMlion 

Polarity 

(Po“'m‘) 

Voliiinu 

(Negative) 

j A i?t t-hloiiiii; atom . 

(•) 1 

( + ) 

ai 8 


1 B .'iifl „ . 

(t) 

(-1 



C srd 

(5) 

( + ) 



D 4th „ 

U) 

(-) 


i8'9 

5 '>' >• 

(3) 

( + ) 



F fitli ,, „ 

(0) 

(-) 


193 


Mean 

values 

^8 

19 2 




A = 

! 2’6 


It is, theicfoie, evident that a maiked difference (average 
A = 3 d) cxi.->ts between the atomic volumes of the chloiine 
atoms in positions i, 3, and 5 and those in positions 2, 4, and 
6 ; anri, since the electronic foimula of benzene and the substi- 
tution iiilc has shown that substituents in positions i, 3, and 3 
aie opposite in polarity to those in positions 2, 4, and 6, it 
follows that a definite relationship eeists between the electronic 
fontinhe of tin s/.i ehloroben Jcnes and theii lespective molecular 
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additional evidence, from a physical point ofviev),for the elect tonic 
formula of benzene. 

Various facts piesented in this chapter seem to indicate tfiat 
a change in the polarity of a halogen atom causes a vaiiation in 
its atomic volume. Any attempts to explain this in the present 
state of oui knowledge would plunge us fatally into the meta- 
physics of an atomic structure maelstiom. Notwithstanding the 
incomplete knowledge of the constitution of the atom as mani- 
fested by the many diffeient hypotheses lelatwe to the nature 
and disposition of “valence elections,” it is quite conceivable 
that variations in the relative positions of the valence elections 
which determine the polarity of an atom may likewise cause 
variations in the atomic volume of the atom. This assumption 
may lead to an explanation of other anomalies in molecular 
volume lelationships. Foi instance, in the compounds methylene 
dichloiide, chloroform, and caibon tetrachloiide, previously noted, 
the aveiage atomic volumes of the chloime atoms aie 2r5, 
22 o, and 23 '2, respectively. This small inciease in the average 
volumes of the chlorine atoms as they accumulate about a given 
carbon atom may be due to the lelative positions of the valence 
elections between the carbon and chlorine atoms which may 
mutually alter the respective atomic volumes of these atoms. 
It has also been noted that for one substitution in the /3-position 
of a compound the contraction in molecular volume is a little 
over thiee units while substitutions on the 7- and S-positions 
result in even greater contractions. These anomalies may also 
be 1 elated to diffetences in the relative positions of the valence 
electrons between the carbon atoms and the halogen atoms 
substituted in the a-, y 3 -, 7-, and 5-positions, thus causing varying 
differences in the degrees of contractions. 

In conclusion, a quotation from Le Bas should be noted • — 

“Theie is no doubt that in spite of the care taken, many 
paits of the piesent theory of molecular volumes may have to 
be alteied latei as data accumulate, and as our knowledge of 
the physical property increases The identification and explana- 
tion of constitutive effects is not always easy. Some particular 
atomic values — generally those found in the homologous series 
R — X aie taken as standard, and by the method of summation 
the value ^wV^is found. The diffeience, V,„X«Va, then measuies 
the constitutive effect. Sometimes a mean atomic value is 
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taken, and it then follows that no account is taken of vaiiations. 
The ^tcat difficulty is to identify the effect witli a paiticular 
aten oi yionp. When this .seems possible, it sometiines hap- 
pens that othei atoms oi gioups might ccjually well be identified 
with the effect in question. Only a careful examination of a 
laige niimbei of data can ovcicome the.se difficulties. It will 
geneially be found that the constitutive effects aie tiaceable 
to some modifications in particulai atomic values, and a con- 
sideiable advance is made when we aie able to ascertain for 
certain which atoms are maiked by the variation in question 
and by how much ’’ 

Apropos of the above quotation, and as a summaiy of the 
present chaptci, it has been shown that • — 

f il Halogen atom.s which (unction positively appear to possess 
diffcient atomic volumes fiom those which function negatively 
Con.sequcntly, it is possible to coiielate ceitain additive and 
constitutive effects appaient in the moleculai volumes of ceitain 
compQundb with theii clectionic foimulie. These effects cannot 
be explained by means of the oidinarily employed stiuctmal 
formula 

( J) Definite lelationships exist betw'een the molecular volumes 
of si-x diffcient chloiobenzenes and then respective electionic 
forinul.c These lelationships fuithei confiim the electronic 
formula of ben/ene 

( 3) It IS suggested that any variations in the lelative positions 
of the valence electrons which deteimine the polarity of an atom 
may likewise cause vaiiations in the atomic volume of the atom 
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^DYNAMIC FORMULAE AND THE ULTRAVIOLET ABSORPTION SPEC- 
TRUM OF BENZENE. 

A. Colour in Relation to Chemical Constitution. 

It is the pm pose of this chaptei to present the development 
of a lelationship, in the natuie of a linear function, between the 
systems of dynamic equilibiia of the vaiious electiomeis of 
benzene and the oscillation frequencies of the seven bands which 
chaiacteiize the ultiaviolet absoiption spectium of benzene 
solutions The existence of such a relationship would not only 
fuilher substantiate the electronic foimula; of benzene but also 
affoid a new explanation of colour in relation to chemical con- 
stitution. 

Watson,^'® in the pieface to his recent monograph, '‘Colour 
in Relation to Chemical Constitution,” states that “ the early 
theories as to the relation between colour and constitution, such 
as the quinonoid theoiy and Nietzki’s rule, have pioved of great 
value for practical purposes, viz., in the production of dyestuffs 
and especially for the preparation of dyestuffs of any required 
shade ; but more recent researches have shown that these classi- 
cal theories are by no means adequate. Modified and new 
theories have been pioposed which agree better with the known 
facts The quest of the nlUmate cause of colout has levealed 
f]ie great umiplcaity of the pioblein and has shown the need for 
further woik in this direction.” 

The fundamental cause of the absorption of light by benzene, 
as proposed in this chapter, is necessaiily complex since it has 
to deal with the somewhat complicated systems of dynamic 
equilibria of the electromers of benzene. But if the absorption 
of light of known oscillation frequency can be correlated with 
the electionic formulae of benzene, then it may be concluded 
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that some definite advance has been made in the quest of the 
ultimate cause of colour in its relation to chemical constitution, 

B. The Systems of Dynamic Equilibria of the 'Electromers 
of Benzene. 

A .statement made by Stewart'^’ should be lecalled at this 
point “ It is becoming generally recogni/.ed that the benzene 
molecule is in a state of continual vibration, and that the only 
satisfactory space formula will be one which .lepiesents all the 
other foiniulai as phases of its own motions, atid which i/iav even 
suggest the f'ossibility of tiav phases as yet unrccognicced The 
mam outlines of such a foinaula have been indicated by Collie, 
and it seems probable that any space foimulie of benzene which 
may be pioposed in the future will agiee with his in essentials” 
The plane piojections of Collie’s space formulae and the 
twofold movements which are attributed to the system have 
been described and illustiated in Chapter VII , Section B (p. 
48). Collie’s space foimuliu aie coii elated leadily with the 
Kekule and centric foimula; since, through their movements, 
they aie mutually interconvertible 

Again, recall that a complete application of the electionic 
conception of positive and negative valences to the benzene 
molecule, involves five types of carbon atoms, namely, 

1-+ -+ --I- -+ -- 

c c c c c 

-i! |--h 

> II. III. IV V. 

and if benzene nuclei (ceiitiic formulae) are composed of these 
seveial types, each nucleus consisting of three pans of the 
combined types I and V., II. and IV., and III. and III , sym- 
metiically co-ord mated, si.x and only six centric electronic 
fonnul.e (electromeis) die po.ssible, as previously shown in 
Chapter VII 

Now, if in place of the one centric phase of Collie’s space 
foimula;, there be six centric elcctiomeis, then there will be six 
times as many Kekule and other phases in a complete system of 
dynamic equilibiia of the electiomers of benzene. Befoie this 
extendeil system is developed, consider specifically the plane 
piojections of those electromeis that aie related to the centric 
formula which is composed of caibon atoms of type III. — 
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First First Centric 

phase. KekuM phase. 



Note that the first and second Kekule phases present two 
distinct types of double bonds In the former, each of the two 
bonds (Faraday tubes) comprising a double bond has the same 
direction, since their adjacent ends aie of the same sign or polarity. 
In the latter, the bonds have opposite direction, since their 
adjacent ends are of opposite sign or polarity. Hence these two 
types of double bonds may be designated by the terms diplex 
and contraplex respectively. > 

In the complete scheme of dynamic equilibria of the 
electioiners of benzene, presented in Fig. i, p. 188, the first and 
last phases, which are respectively related to the first and second 
Kekul^ phases, have been omitted for the sake of brevity. The 
centric electromer A, the starting-point of the scheme, so to 
speak, is composed of carbon atoms of the types I. and V. 
Electromer A functions as the intermediate phase between A' 
and A". 

Kekuli^ held that the atoms of caibon oscillate in the molecule 
of benzene in such a way that A' would represent the constitution 
of the molecule at one period of oscillation, and A" the con- 
stitution at another period. This conception introduces a kind 
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of stiuctuial modification diffeiing both from ordinary isomerism 
and tautomeiism for which BnihP^® has suggested the teim 
phasotropisiii, in the sense that “ the unaltered benzene nucleus 
and analogous ring systems are phasotiopic On the electronic 
basis, A' and A" may be termed phasotropu ehUroincrs, neithei of 
which could revert to the centric electiomer A, unless theie was 
a icairangement of bonds or Faraday tubes. Such a change 
would result in another state of equilibiium in the centric 
electromer or phase. 

Faiaday introduced the term “dielectric polarization” to 
desciibe the condition of a non-conductor or dielectric, as he 
conceived it, when in a state of sUain under the action of two 
adjacent charges of positive and negative electricity, as, for 
example, in the condenser. Accordingly, the centric phase may 
be assumed to present a state of strain, or of meta-stable equi- 
hbiium, by virtue of the balance between thiee positive and thiee 
negative chatges within the ring; hence it may be said to be in 
a condition of dielectiic polarization. The leairangement of the 
thiee positive and thiee negative charges of the centric electromei 
in such a manner that the positive charges occupy the positions 
antecedently held by the negative charges, and vice versft, pro- 
duces at one and the same time not only a similar condition 
of dielectric polarization, but also anothei centnc electromer 
Thus, the centiic electromer A composed of carbon atoms of the 
types I and V. undergoes centric rearrangement yielding another 
centric electromer B composed of carbon atoms of the types II. 
and IV ■ There aie thiee distinct centric rearrangement equi- 
libria, or transitions, in the complete scheme ; namely, A ^ B, 
C ^ D, E ^ F, Note that centric rearrangement is structurally 
impossible between B and C, and between D and E. 

In Collie’s space formulae for benzene, the centric phase is 
intermediate between two, and only two, KekuI6 or phasotropic 
phases. In the proposed scheme, in which every elect) onic 
fomula IS the plane p)vjection of a space fotmula, a given centnc 
electromer may be the intei mediate phase between two, three, 
or four phasotropic electiomeis. Foi example, A is the intei- 
mediate phase between A' and A" ; B, between B', B", and C' ; 
C, between B', B", C', and C" Note that the transition from B 
to C may be effected through B', B", or C', but not through C ; 
also, the transition from D tS E may be effected through E', E", 
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and D", but not through D'. In this manner the intei-relations 
of the eighteen electromeis comprising the complete scheme of 
eqribbria may be readily tiaced. 

The scheme as thus outlined, piesents, when considered 
dynamically, two types of dynamic equilibria which shall be 
designated as Juinidjy and MromitW jcj/cwj of phasotiopic 
equilibiia, A piimaiy sj'stem or tiansition involves thiee 
phases : namely, one centric electromer and any two of its 
directly lelated phasotropic electromeis, as for example, the 
transitions A' =1^= A A ' ; B' B ^ B" ; or B' C C" A 
secondary system or tiansition involves four phases ; namely, two 
centiic electromers, which are interconvertible by centiic re- 
arrangement, and one phasotropic electromei of each of the two 
interconvcitible centiic electromeis, as for example the transitions 
of A' A ^ B ^ B' , or B' ^ C D 5 ;;^ E". Twenty primary 
transitions and twentj'-eight secondary' transitions are embodied 
in the complete scheme. They' will be tabulated and discussed 
latei, 

The possibility of con elating these vaiious electromeis and 
their systems of dynamic equilibiia with the oscillation frequencies 
of the seven bands of the absorption spectium of benzene con- 
stitutes the present problem. Baly and Desch maintain that 
the benzene absorption bands are to be accounted foi by the 
synchronous oscillations of the benzene molecule in some such 
way as a tuning-foik vibiates in response to a note of definite 
pitch. In tcims of the election theory, they state that “com- 
bination between two atoms is accompanied by the passage of 
one 01 more electrons from one atom to the other producing one 
or more Faraday tubes of force between them, each Faraday tube 
repiesenting the chemists' single bond. If by some means we 
cause the leairaiigement of these linkings or Faiaday tubes, it is 
clear that there must occur a vibiational disturbance in the 
sy’stems of electrons of the atoms concerned. Now we have 
direct evidence of these disturbances in the fluoiescence of 
tautomciic sub.stances as shown by Hewitt'"" It is, theiefoie, 
only natuial that the converse takes place , namely, the absorp- 
tion of light by tautomeric substances.” 

Baly and Desch show that this process in the aliphatic com- 
pounds involves the make and break between a carbon and an 
oxygen atom, thus — » 
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the being attached to those atoms which are undeigoing 
the linking change Compounds which manifest keto-enol 
tautomeiism display an absorption band. Applying this idea to 
benzene, Baly and Collie differentiate between the tiansition 
phases in which any pair of carbon atoms, or any foui, or all six 
are concerned, the vaiious transition phases being repiesented as 
follows — 

O' 0^0 00' -0 0 

These seven foims aie held to represent all the possible con- 
ditions of making and breaking the linkings which can occur, 
each per se being the origin of a sepai ate absorption band 

This hypothesis of Baly and Collie does not offer any definite 
explanation as to how the seven phases of benzene may be 
brought about, apart from being the result of some form of 
motion of the atoms in the molecules. Moreover, since it does 
not attiibute or relate any one of the above seven phases to any 
one of the seven absorption bands, it thereby fails to indicate 
any possible numerical relationship between the various phases 
and the oscillation frequencies of the seven bands. An hypothe- 
sis designed to meet these deficiencies is offered in the following 
paragraphs. 

C. The Electronic Interpretation of Keto-Enol Tautomerism 
in relation to the Absorption of Light. 

Accepting the finding of Baly and Desch that an absoi ption 
band is the lesult of coexistent ketonic and enolic foims in 
dynamic equilibria, three questions arise- — 

(1) What is the significance of the keto-enol condition of 
dynamic equilibrium from the standpoint of the electronic fonitnlce 
of keto-enol compounds ? 

(2) Is this significance common both to the keto-enol systems 
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of dynamic equilibria, and to the piimaiy and sccondaiy sy<?tems 
of phasotiopic cquilibiia of the clectiomerb of benzene? 

»(3) How aie the syatenT? of phasotropic equilibiia to be 
coudated . (a) with the existence of seven bands in the vdisorp- 
Lion spectruin ofben/.ene, and {!>) with the oscillation fiequencies 
of each of the seven bands? The following answers aie pio- 
poaed — 

(i) The electionic fonmil.e of ketonic and enolic modifica- 
tions aie derivable fiom the electionic formula of one of the five 
typical compounds (see Chapter III, Section B, p. 17), namely, 
foimaldehyde. The formula of an aldehyde or of a ketone is 
indicated by replacing one 01 two hydrogen atoms, lespectively, 
of formaldehyde by alkyl ladicals — 

II— C — H H K C R 



rorinaldt’hjde An Alclcludc A Ki lone. 

Kcto-enol tautomeiism involves the migiation to and fio of 
a hydtogen atom between caibon and oxygen atoms. Having 
indicated the electionic formula of a ketone, the keto-enol 
tautomeric equilibrium may be lepiesented electionically as 
follows • — 


11+ - 



k 

H 


That poition of the above scheme within the brackets illustiates 
the “opening up” of the iL/i/cx- double bond between the caibon 
and oxygen atoms, and the ionization of the migiating hydrogen 

ion, H. This inteimediate condition presumably piecedes the 
formation of the enolic modification which embodies a conhaplcx 
doublu bond between the two carbon atoms. 

Note paiticularly that the leanangement of valences or 
Faraday tubes involves a change in the natuie oi type of double 
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bonds as found in the keto- and enol-forms The fotmer piesents 
a diplcx double bond between the caibon and the oxygen atom ; 
the lattei, a contraplex double bond between the two carlion 
atoms Hence the electronic significance of the keto-enol transi- 
tion resolves itself to a condition of dynamic equilibrium involv- 
ing transition from diplex to contiaplex double bonds and 
vice versA Systems of dynamic equilibria involving changes 
from diplex to contiaplex double bonds and vice versA, will be 
termed contraplex-diplex transiUons. This disposes of the fiist 
question. 

(2) With reference to the second question, the hypothesis now 
pioposed does not limit contraplex-diplex tiansitions to keto- 
enol tautomerism, but further assumes that the occurrence of 
contrapkx diplex transitions in any types of dynamic equilibria 
constitutes the structural and the electronic explanation of absorption 
bands, that is, of colour. The occunence of these ti'ansitions 
among the primary and secondary systems of phasotropic 
equilibria of the electiomers of benzene have been noted; hence, 
they naturally constitute the basis of the explanation of the 
absorption spectrum of benzene. The discussion of the thiid 
question now follows 

Since theie are seven absorption bands in the benzene 
spectrum, and it is assumed that the transition from contiaplex 
to diplex bonds and vice versi, is the electronic explanation of 
an absorption band, then there must be seven such distinct sys- 
tems involved in the complete scheme of phasotropic equilibria, 
A tabular arrangement (see next page), (cf. Fig. i, p 1 88) of all 
the possible primary and secondary systems of phasotropic equi- 
libria pi esents twenty of the former and twenty-eight of the latter. 

The electromers containing diplex bonds are A', A", C", D', F', 
and F", while those containing contiaplex bonds aie B', B", C', 
D", E', and E”. Only those equilibria, either primaiy or 
secondary, which involve tiansitions fiom an electiomer contain- 
ing diplex to one containing contiaplex bonds, or vice versa, 
are followed by asterisks These only may function as the origin 
of the absorption bands. 

Since six centric electromers figuie in the complete scheme 
of equilibria, there are, accordingly, six classes of primary 
transitions, each class involving one centric phase. Only six 
of the twenty primary tiansitions are asterisked, namely, those 

13 
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Pi 

Ph 

{ 


iinnry Syilcms of 
msotropic hquilibno. 

j. A' 


('■ 

u 


IV — B -B" 

B'— B -C' 
B"_B— C' 


5. B’ _C— B" 

6 B'— C— C' 

7. B"-C— C’ 

!> B'-C_C"M„ 

g B"-C-L’''*l“ 

10 C'— C-C" *16 


13. n' — B— r" * 

I.,. 

15 B-IV' 


,17 r'-E-F" 
4 ib E’ — E— D” 
III. E''-E-U" 

J^o F'-F— F" 


PhiEGlropic Lqtiilibria 

' t. A'— A— B— B' 
A'— A— B-B' 

3 A”— A— B— U' 

4 A"— A— B— B' 


7 B'-C-D-D' nn 
8. B"— C— D—D' 
g B'— C— D— D" 

10. B"— C— D— B" 


15. C'AC— D— D' 
iG, — C — -0 — 0^^ 
17 C"-C-0-D' 
18, C'’-C— D-D"' 


!. C"— C— 0 — E' 




. ,5 e'-E-E-F' * 

26. E'-E-F-F"» 

27. E''-E-F— F' • 
^8 E''-E— F— F"*. 


Bvimbeied 8 to 1 3 inclusive, which in turn are subdivided into 
four distinct groups as follows — 

Ciroiip (a) 2 traniitioii'S, numbeied 8 and 9, 

„ (fl) I IrnnsUimi, .. 10 . 

.. (V) I » II. 

( 5 ) 2 transiuonsi, ,, la and 13 

Since the complete scheme involves three centric reairange- 
menls, A 5* B, C 1:2= D, and E F, theie aie accordingly three 
classes of secondary transitions. They are numbered I to 6, 
7 to 23 , and 33 to 28 inclusive, respectively Eighteen of the 
twenty-eight secondaiy transitions aie asterisked and fall natur- 
ally into sm-f/ distinct groups as follows . — 


Group I. 4 

„ n 2 



V. a 

VI. 2 

VII. 4 


s, numbered i to 4 inclusive, 

„ 5 and 6, 

„ 7 .. 8. 

.. 15 .. iS. 

„ 21 22 . 

23 „ 24, 

,, 25 to a8 inclusive. 
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An eightli gioup, transitions ri to 14 inclusive, does not embrace 
any coaliaplex-diplex eqmlibua , consequently, it plays no pait 
in the development of the present hypothesis. 

D. The Correlation of Oscillation Frequencies and Con- 
traplex- Diplex Transitions. 

The existence of seven distinct groups of secondaty tontraplex- 
diplcx systems of egndihria constitutes the basis of the coi relation 
of the seven absorption bands of benzene. The oscillation fre- 
quencies of the heads of these bands as determined by Baly 
and Collie aie as follows : — 

Band 
One 
Two 
TluLe 
Four 
Five 
Sk . 

.Seven 

In attempting to correlate the seven gioups of secondaiy 
contraplex-diple.x equilibria with the above oscillation fiequencies, 
let it be assumed that the nmn’^er of transitions in each of the 
seven gioups functions successively and collectively in the pro- 
duction of the seven bands. Naturally two, the smallest number 
of secondaiy transitions contained in a single group, may then 
be assumed to function in the production of the band of lowest 
frequency ; namely, band One, 3725. On the other hand, since 
there are altogethei twenty-four contraple.x-diplex transitions in 
the complete system, it may likewise be assumed that all of these 
function in the production of band Seven of highest frequency, 
4200. In other words, the vibrations of two secondaiy contra- 
plex-diplex transitions are synchronous with light waves of fre- 
quency 3735 , while the vlbiations of twenty-four (ie., eighteen 
secondary plus six primary) contraplex-diplex transitions are 
synchioiious with light waves of frequency 4200 

These assumptions lelative to the oiigin of bands One and 
Seven are of no merit or value unless some means is at hand of 
determining the numbers of transitions involved in the production 
of each of the five remaining bands. Fuithermore, these numbers 
must be whole numbers since the present hypothesis requires 
that they be the sums of the transitions in the secondaiy gioups 
I. to VII. inclusive, and the transitions in the primaiy groups, 

13* 


37^5 

3763 

3i'30 

3915 

4025 
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a, /9, 7, and S. In oilier ■words, a linear function must be shown to 
exist between the oscillation fiequency of each of the seven bands 
and an inh'Ahi/ nnmln'r of contiaplex-diplex tiansitions. The 
possibility that the fiequencic-s of the absorption bands of benzene 
ai e a function of a sei ies of whole numbers is suggested by the 
discovery of Balmei,*"" that the wave-lengths of the lines m the 
hydrogen spectuim aie a function of successive whole numbers. 
His foimula, 

X _ h—, . IQ-O 

ur - 4 

in which /r = 3646-13, and »i is given the values 3, 4, 5, 6, etc., 
is only one of several showing the existence of similar series m 
the line spectia of vaiious elements 

A similai relationship becomes apparent if the oscillation 
frequency 3725 (band One) involving two transitions and 4200 
(band Seven) involving twenty-four transitions serve as two 
points in a .system of lectangiilai co-ordinates , namely (373$, 2) 
and (4200, 24) The calculated equation for a straight line 
passing thiough these two points is }• = 2rS9i;i: + 36S1 S18 
in which (r) is the oscillation fiequency of a given band and (.v) 
is the numbei of contraplex-diplex transitions functioning as the 
origin of the given band. Assuming on the one hand that the 
fiequencies (j') as detei mined by expeiimental obseivation are 
absolutely coiiect, the corresponding numbers of tiansitions (x) 
involved therein may be calculated. On the othei hand, em- 
ploj’iiig as values for (a) those whole numbers which aie most 
closely approximated by the pieviously calculated values of (x), 
the coiiespondiiig values of (y) may in turn be asceitained. 
Thus thcoictical and actual values may be compaied In Table 
No, r — 

T.tBLE No I 
(t = SgTi f- 36S1 SiS ) 
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column A contains the calculated values for (r) ; column B, the 
series of whole numbeis most nearly approximated by the 
calculated values of column A ; column C, the differences between 
values in columns A and B ; column D, the oscillation fiequencies 
as expel imentally determined by Baly and Coihe ; column E, 
the calculated frequencies (j>) couesponding to the assumed 
whole numbei values foi (.t) in column B, column F, the diffei- 
ences between the actual frequencies in column D and the 
calculated fiequencies of column E 

The values in column A appioximate very closely the whole 
numbeis m B as is evidenced by the column of diffeiences, C. 
This favours the assumption that i/ie oscillation fiequencies are 
a function of lahole numbeis Furtheimoie, the frequencies in 
column D calculated upon this assumption approximate the 
actual frequencies in column E as is evidenced by the column of 
diffeiences F, which aie practically within the limits of eiioi of 
experimental observation. 

The calculated values of Table No. i are based upon the 
assumption that the fiequencies of bands One and Seven aie 
absolutely correct while the fiequencies of the intermediate bands 
were not considered in determining the equation of the line re- 
lating frequencies and the numbers of contiaplex-diplex tiansi- 
tions. Numerical values of gieatei significance aie to be found 
in another equation, namely, y = 2f6o63w + 3679 296, which 
IS derived by an application of the method of least squares to the 
whole numbers (.v) and the actual oscillation frequencies (y) taken 
fiom columns A and D of Table No. 2. 


TABLE No. 2. 

(r = 21 G0G3 1 + 3679 296 ) 


A, 

' B 

c. 

(B-A) 

D 

£ 

(D^^E.) 


2 115 

-1- 0 11 -i 

3725 

3722-309 

4 2 191 

■1 

3-966 

- 0034 

3765 

3765-721 

- 0721 

7 

697s 

- 0-023 

3S30 

3830-540 

- 0-540 


lo-gog 

- 0091 

3915 

3916 965 

- I 965 

16 

16-000 


4025 

402 f-ggO 

4- 0 004 


19914 

- 0 066 

4110 

4III J2I 

- 1421 

24 

24 ogg 

4- 0-099 

4200 

1197847 

4- 2-153 


The deviations, column C, of the calculated numbers, column 
B, from the assumed whole numbeis, column A, aie so slight as 
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fully to wan ant the assumption that ^the oscillation frequencies 
of the seven bands, column D, are a linear function of the coire- 
spii^ncling whole numbers, column A, which aie the numbers of 
the contraplex-diplex tiansitions involved theicin. This hypo- 
thesis is furthei substantiated in that the deviations, column F, 
fiom the expel imeiitally dcteimined values, column D, are well 
within the limits of eiioi of experimental observation. The 
p}olmhle tvvu;- in the \ able of any of the oscillation fiequeiicies, 
as calculated by Peters’ formula, is only i ’328. 

This lemaikable relationship between the series of seven 
whole numbeis and the o.scillation frequencies of the seven ab- 
soiption bands of benzene (columns A and D lespeclively of 
Table No. 2) is giaphically illustiated in Fig 2. The seven 
whole numbeis (X-axis) and the coi responding oscillation 
fiequencies (Y-a.xis) peimit the location of seven points in the 
system of rectangular co-ordinates A line drawn thiough each 
of these seven [loints is piactically a stiaight line. This, in 
conjunction with the data of pieceding Tables i and 2, both 
wariants and substantiates the hypothesis that the oscillation 
fiequencies of the heads of the absor[)tion bands of benzene are 
a lineal function of the numbeis of contraplex-diple.x transitions 
involved in the system of dynamic equilibiia of the electromers 
of benzene. 

E, The Origin of Each Absorption Band. 

One othei question remains to be considered ; namely, that 
of the possibility of relating each of the seven absorption bands 
to its pioper source. It has been assumed that the vibiations 
of two sccondaiy contraplex-diplex transitions are synchionous 
with light wave.-, of fiequency 3725 (band One) while the vibia- 
tions of twenty-four, 1 e , the eighteen secondary and the si.x 
piiinary contiaplex-diplex tiansitions, are synchionous with 
light waves of frequency 4200 (band Seven) The intervening 
whole numbers, 4, 7, ii, 16, and 20, repiesent the numbers of 
transitions similarly involved 'in the production of bands Two, 
Thiee, Four, Five, and .Six, respectively. Of the seven distinct 
gioiips of secondary phasotiopic equilibria, one and only one 
group of tiansitions is related to band One. These two tiansi- 
tions of one gioiip plus two tiansitions of one othei of the seven 
gioups gives four which aie lelated to band Two In turn, these 
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one ot inoic of the ptimary g}ou^s may o} may not he added 
Thii condition pic.serves the correlation of the seven gioiips of 
sej^ondaiy phasotiopic equilibria with the seven bands in a con- 
sistent and symmctiical manner. 

Tlie following scheme embodies such an aiiangeinent of the 
scveial gioiips of transitions, and should be studied in conjunction 
with the tables of primal y and secondaij’ phasotropic eqiiilibua 
and the complete system of the electromeis of benzene in 
dynamic eqmhbiia The groups of secondary equilibria are 
designated by the Roman numerals I. to VII inclusive and the 
primary equihbiia by the letteis «, 7, and S , while the siib- 

sciipt numeial is the numbei of tiaiisitions involved in the given 
group. For example, (IV.j) signifies the two secondary 
contraplex-diplex tumsitions, namely, C' C ^ D ^ D' and 
C'' =?s C ^ U ^ D", of gioiip IV . ; (/3,) signifies the one primaiy 
contiaplex-diplex tiansition, namely, C' ^ C ^ C", of group /3. 
Tlie symmetrically evolved scheme relating each of the seven 
absorption bands to its possible souice is as follows • — 


rV,is (Ill.orV.) 


f (^1 01 7,) . . . 

1 (^1 or y,) + (II, or VI,) -i («., or S.,) . 

1 ft + 7i + n.j -i- VI, + a., + S. . 

h ;S, , y, -I- 1T„ I- VI„ 4 a,, + S, + (I, or VII,) 

1 - ft + y, 4 Hi 4- Vli 4 a, 4- Ji 4- I, + VII, . 



Note that the transitions of group IV. involve the centric 
electromeis C and D which constitute the nucleus, so to speak, 
of the complete system of dynamic equilibria of the electiomeis 
of benzene. Accoidingly, the other groups of tiansitions aie 
successively and collectively embraced, producing in a natural 
sequence the seiies of seven whole numbers which are functions 
of the oscillation fiequencieS’ of the seven bands, and which 
lepiesent the number ol specifically indicated contraplex-diplex 
tiansitions involved m the pioduction of each band lespectively. 

The conception that contraplex-diplex tiansitions occasion 
the absorption of light in carbon compounds is extended, in the 
next two chaptcis, to the dynamic formulae and the absorption 
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spectra of chlorobenzene, biomobenzene, and naphthalene, with 
the uniform result that the oscillation frequencies of the absoip- 
tion bands aie functions of the numbeis of contraplex-dip)"x 
transitions involved in the systems of dynamic equilibria of their 
electromers. 



I 


CHAPTER XIX. 

ABSORPTION SPECTRA AND DYNAMIC ELECTRONIC FORMUL.E OF 
CHLORO-. BROMO-, AND lOUO-BENZENE. 

The purpose of the piesent chaptei is to test the validity of the 
absorption theory (just developed in relation to benzene) by ex- 
tending it to the ultidviolet absorption spectra of chloro- and 
biomobenzenes In this connection, the non-selective absoiption 
of lodobenzene requires an explanation 

The existence of a nde has been indicated. This mle, a 
linear relationship (_i' = xr -p b), involves definite numbers (r) of 
contraplex-diplex tiansitioii'. occuiring within the systems of 
phasotropic cqmlibtia of the electiomers of the compound, and 
the oscillation frequencies (v) of its absorption bands. In this 
and subsequent chapters, contraplex-diplex transitions will be 
termed ahsor/'tion h ansiiioits. In other words it will be maintained 
that the oscillation frequency (y) of the head of a given band is 
a linear function of the number of absoiption tiansitions (w) which 
function as the oiigin of the band of frequency O') 

Purvis undeitook the investigation of the absoiption 
spectra of chloio-, bromo-, and lodobenzenes in order to ascei- 
tain (i) the nature of the absorption of the radiant energy, and 
(2) how far the displacement of one atom of hydrogen of benzene 
by chlorine, biomine, 01 iodine, affects the type of absoiption 
when the compounds were in the vapour state, in solution in 
alcohol, or in very thin films. Theiefore, the present chapter is 
limited to a discussion of the effect of the displacement of one 
hydrogen atom of the benzene molecule, by the halogens noted 
above, upon the absorption spectra of the compounds m solution 
{a) in alcohol, and (/;) in thin films. The purpose of the present 
development is threefold ■ — * 

(1) To compare the data of Purvis with the data of Baly 
concerning the oscillation frequencies of the absorption bands of 
chlorobenzene when dissolved in alcohol. 

(2) To compare and inteipret the differences in the values of 
the oscillation frequencies (accoiding to Purvis) of the absorption 
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bands of chloiobenzene -and bromobenzene undei diffeient 
physical conditions, namely (a) when the substances aie dissolved 
in alcohol, and (Ji) when the substances aie in the foim of 
thin films. 

(3) To present a new explanation of the non-selective absoip- 
tion of iodobenzene 

rurvis'“‘ found that alcoholic solutions of chlorobenzene 
and biomobenzene of equimolai concentrations, through equal 
tincknesses, exhibit seven wide diffuse bands which aie compar- 
able in appeal ance, and aie shifted a little moie towaids the less 
lefrangible end of the speclium in the biomobenzene solution, 
Puivis thus demonsliated that the earlier investigations of Baly 
and Collie,^-'’ and Baly and Ewbank,’““ were incomplete because 
they failed to locate and determine the positions of the entiie 
seven bands of these compounds Subsequently, Baly again 
undertook the investigation of the absoiption spectra of chloio- 
benzene and found seven bands, the same numbei pieviously 
established by Purvis, The positions of the heads of the bands, 
as determined by Purvis in wave-length values (X), have been 
conveited in the present discussion to the corresponding values 
in Oscillation frequencies (i/X) so that comparisons may be made 
leadily with the data of Baly, originally given in oscillation 
frequencies, Fuitheimore, it is an advantage to have all data 
lecotded m oscillation frequencies since the rule under considera- 
tion states that the oscillation fieqiiencies ate linear functions of 
the absorj'tion tiansitions. 

The following Table I. includes the oscillation frequencies of 
the absoiption bands of benzene, chlorobenzene, and biomo- 
benzene in alcoholic solution; and chlorobenzene and biomo- 
benzene in very thin films. Iodobenzene shows no absorption 
bands. 


TABLE I. 


B°nd, 

CoHj H 
Solution 
(Baly) 

a 

(Baly)" 


Solution 

(Purvis) 

C„Ha C. 
m Films 
(Purvis). 

h?Fflm°' 

(Purvis) 

One 

3725 

3682 

3685 

3679 

3G74 

3670 

Two 

3765 

3777 

3781 

3775 

3772 

3768 

Three 

3830 

3825 

3814 

3821 

3S18 

3815 


3915 

3878 

38S0 

3S74 

3871 

3868 


402s 

3920 

3923 

3917 

3912 

3909 

Six 

4110 

3975 

39S4 

3976 

3974 

3971 

Seven 

.1200 

407a 

4082 

4073 

4054 

4049 
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An inspection of the above tablJ shows that chlorobenzene 
and bromobenzene either in alcoholic solution or in thin films 
display the same number of absoiption bands as does benzene, 
namely, seven, Furthennoie, the regions of selective absorption 
of these compounds aic not widely diffeient These facts lead 
to the conclusion that the absorption transitions which constitute 
the oiigin of the seven absoiption bands of benzene must function 
similarly as the origin of the seven absoiption bands of chloio- 
benzene and of biomobenzene. Therefoie, befoie considering 
in detail the origin of the absoiption bands of chloiobenzene 
and biomobenzene, it will be necessary to lecall biiefiy the 
relationship between the oscillation frequencies of the seven 
bands of benzene and the numbers of absorption tiansitions 
which are presented by its electiomeis in dynamic equilibria. 

Within the complete scheme of dynamic equilibria of the 
electiomeis of benzene (see Fig. i, p, i88) theie are involved 
altogether twenty primary systems and twenty-eight secondary 
systems of pliasotropic equilibria. All of these transitions aie 
tabulated on page 194, but it is moie convenient in the present 
cliapter to refer to the following abbieviated Table II. which em- 
bodies only those transitions which function in the absoiption of 
light, namely, the contraplex-diple.x or absorption tiansitions. 
These aie indicated as groups I to VII. and gioiips a, / 3 , ly, 
and S 

TABLE II 



A mathematical relationship between various groups or 
numbers of these absorption transitions and the oscillation 
frequencies of the seven absorption bands of benzene was de- 
veloped by means of the system of rectangular co-ordinates in 
section D of Chapter XVIII. 

Befoie extending this method of deriving the series of 
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numbers of absorption traiftitions to chlorobenzene and bromo- 
benzene, it should be observed that each of these compounds is 
a mono-substituted derivative of benzene and the substitueijj'-s, 
chloiine and biomine, are saturated atoms possessing neither free 
nor latent valences which might interfere in some manner with 
the centric valences of the benzene nucleus. Therefore, it is 
leasonable to assume further that the benzene nucleus in chloro- 
benzene and in bromobenzene is capable of undetgoing the 
same centnc-reatrangements^-^ that are characteristic of benzene 
itself. Accordingly, chlorobenzene and biomobenzene would 
likewise present within the scheme of dynamic equilibria of their 
electromers the same total number of absorption transitions that 
are common to benzene, namely, twenty-four. Hence the 
scheme of transitions for benzene indicated in Table II. (p. 204) 
and Fig i (p. 188) will apply equally to chlorobenzene and 
bromobenzene in the following discussion. 

A. The Absorption Spectrum of Chlorobenzene in Alcoholic 
Solution. 

In the following Table III. the oscillation fiequencies of the 
absorption bands of chlorobenzene in alcoholic solution (as separ- 
ately determined by Baly and by Purvis) and their respective 
successive differences aie indicated. There is also included for 
subsequent refeience a third column containing the frequencies 
of the bands of bromobenzene and their successive diffeieiices, 
the observations being made upon the compound in alcoholic 
solution — 


TABLE III. 


Number 
of Bnnd. 

CuHr CI 
(Bal>) 

Difference 

QiHoCl 

(Purvis) 

Difteiencc. 

X"v.s®^ 

DiffMcnco 

One . 

36S2 

95 

3685 

96 

3679 

96 

Two 

3777 

48 

3781 

33 

3775 

46 

Three . 

3S25 

53 

3814 . 

66 

3821 

53 

Four 

3878 


3880 

43 

3874 

43 

Five 

3920 

55 

3923 

61 

3917 

59 

Si^ . 

3975 

97 

3984 

98 

3976 

97 

Seven . 

4072 


,082 


4073 
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The columns of differences show*lliat the greatest disci epan- 
cies occur in the frequencies of bands Thiee, Six, and Seven. These 
differences aicof such interest as to wairant a ciitical compaiison 
and discussion In older to compaic the data of Puivis with 
the data of Baly, some basis for comparison must be selected. 
A basis of comparrson piescnts itself in the series of integral 
numbcis of absorption transitions which aie functions of the 
frequencies of the several absorption bands of chlorobenzene 
This series of numbers foi chlorobenzene (in alcoholic solution) 
may be determined by employing the system of lectangiilar 
co-ordinates accoiding to the principles and method previously 
described m the study of the absorption spectrum and dynamic 
formula; of benzene. 

Fiist, the application will be made to Baly’s data on the 
absoiption spectra of chloiobenzeiie in alcoholic solution In 
the following Fig. 3, the frequencies are indicated on the Y-axis 
and the absorption tiansitions on the X-axis. Accoiding to 
the picsent hypothesis the entire 24 absorption tiansitions 
function as the oiigin of the band of highest frequency, namely, 
4072 ; hence the point (4072, 24) Now there can be found 
passing through this point only one stmight hue which will inter- 
sect the absciss.-e from the frequency 'values (Y-axis) at points 
which have coriesponding values on the X-axis (absoiption 
tiansitions) ap[»oxi>ntitcly equal to whole Huniheys This straight 
line passes thiough the points (4072, 24) and (3682, 8) involving 
the bands of highest and lowest frequencies respectively, and the 
senes of whole numbeis of absorption tiansitions which aie the 
lineal functions of the frequencies of the seven bands of chloio- 
benzene aie thus found to be 8, 12, 14, 16, 18, 3 o, 24. The 
line which lelates these numbers with the coriesponding fre- 
quencies is an appioximately straight line. It is important to 
note that accoiding to the present hypothesis this line should be 
absolutely straight piovided that the data for the oscillation 
frequencies as determined by Baly are absolutely correct, Be 
this as it may, the deviations from the stiaight line are so slight 
that the seiies of whole numbers thus asceitained will heie be 
piovisionally accepted and employed for purposes of comparison 
in theii 1 elation to Baly’s data for chlorobenzene in alcoholic 
solution On the other hand, if the values for the oscillation 
fiequencies as determined by Puivis be as neaily correct as the 
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data of Baly, they should Be related likewise to the same sei ies 
of whole numbers of absorption transitions. Therefore, an 



Absorption .Transitions. 
Fio. 3. — Chlorobenzene in Alcohol (Baly). 


application of the hypothesis to the data of Purvis naturally 
follows. 

In the following Fig. 4 Ijie frequencies of the absorption 
bands of chlorobenzene in alcoholic solution as determined by 
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ing values on the X-axis (absorption transitions) approximately 
equal to whole numbers Furthermore, if the senes of whole 
numbers i elated to Baly’s data be applied to the data of Puivis, 
the line which i elates these whole numbers with the coi respond- 
ing frequencies is not a straight line (see Fig. 4) Theiefore, 
in terms of the present hypothesis, the values fot the frequencies 
of the absorption bands of chlorobenzene in alcoholic solution 
as determined by Purvis are not as accurate as the couesponding 
values determined by Baly Further evidence of the partial 
inaccuiacy of the data of Purvis on chlorobenzene becomes 
evident when his data on bromobenzene in alcoholic solution are 
compared with Baly’s data on chlorobenzene. 

B. The Absorption Spectrum of Bromobenzene in Alcoholic 
Solution. 

Again, if reference be made to Table III., it will be observed 
that there is a remarkably close agreement between the values 
for the oscillation frequencies of the absoiption bands of chloio- 
benzene as determined by Baly and the corresponding frequencies 
of the bands of bromobenzene as determined by Puivis This 
naturally leads to the assumption that the series of whole 
numbers (8, I3, 14, 16, 18, 20, 34) of absoiption transitions 
which are linear functions of the frequencies of the bands of 
chlorobenzene are likewise linear functions of the fieqiiencies of 
the bands of bromobenzene That such is actually the case is 
shown by again employing the system of rectangular co-ordinates. 
Fig. S shows how closely the series of numbers of absorption 
transitions (X-axis) lend themselves to the formation of a straight 
line when plotted with the corresponding fiequencies (Y-axis) 
of the bands of bromobenzene. The data of Puivis are employed 
in Fig 5 In other words, the present hypothesis shows that 
the frequencies of the absorption bands of chlorobenzene, as 
determined by Baly, and also those of bromobenzene as de- 
termined by Purvis, are linear functions of the same senes of 
numbers of absoiption transitions.* This is not quite the case 
with the frequencies of the bands of chlorobenzene as determined 
by Puivis and discussed in the preceding Section A. Therefore, 
they cannot be as commensurately exact as tlie corresponding 
determinations of Baly. A moie definite, in fact, a iigid mathe- 
matical comparison of all of the data under consideration will 
14 
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be presented as soon as the values foi^ the oscillation fiequencies 
of the absotption bands of chloiobenzene and biomobenzene in 



Fin 5. — Bromobenzene in Alcohol (Purvis) 

thin films ha\e been consideted. All of the data undei con- 
sideration will then be subjected to an application of the method 
of least squares. 
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C. Absorption Spectra ofChlorobenzene and Bromobenzene 
in Thin Films. 

Put vis has found that very thin films of these two subi-^arCes 
exhibit seven wide diffuse bands which are comiwiable in ap- 
peaiance and lesemble the solution bands, but they aie shifted 
more towaids the less refrangible legions. The bands of the 
bromobenzene films aie shifted more towards the less refrangible 
legion than those of the chloiobenzene films. The frequencies 
of the bands of these compounds and their respective successive 
diffeiences aie presented in the following Table IV 


T.VBLE IV. 


Na of Band 

Crtllr. Cl. 

( 1 hm Film,! ) 

Difttrcnce 

C.iHr, Br 
Ohm Films.) 

llifferenrr 

One 


98 

3C70 

98 

Twu 

377^ 

40 

376S 


Tlirae 

3818 

.S3 

3S15 

53 

Four 

3871 

41 

386S 

41 

Five 

3912 

O2 

3909 , 

6j 

Six , 

3974 

So 

3971 

7S 

Seven . 

4054 


4"49 



The columns of differences clearly show that the relative 
positions of the heads of the bands of each of these compounds 
are identical. Accordingly, the frequencies of the bands of 
chlorobenzene and of bromobenzene in thin films likewise should 
be related to the same series of numbers of absorption transitions, 
This series, however, cannot be the same as that for the bands 
of chlorobenzene and bromobenzene in alcoholic solution because 
the relative positions of bands Six and Seven of the compounds 
in alcoholic solution aie quite diffeient fiom the relative positions 
of the same bands of these cotdpounds in thin films. The 
maximum difference between the sixth and seventh bands in the 
former case is g8 , in the latter case, 8o 

The seiies of numbers of absorption transitions which are 
lineal functions of the frequencies of the bands of chloiobenzene 
and of bromobenzene when in thin films may be determined 
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according to the method previously* desciibed for these com- 
pounds when in alcoholic solution In the following Fig. 6 
th^frequencies of the bands of chloiobenzene are indicated on 



the Y-axis; the absoiption transitions, on the X-axis. Band 
Seven, frequency 4054, involving^ 34 tiansitions, establishes the 
point (4054, 24) through which only one straight line may be 
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found to pass which will intersect the abscissae fiom the frequency 
values (Y-axis) at points which have coi responding values on the 
X-axis (absorption transitions) equal to whole numbers. This 
line establishes the seiies of tiansitions (5, lo, 12, 15, 17, 20, 2q) 
which are functions of the fiequencies of the coiresponding bands 
(One to Seven) of chloiobenzene in thin films. The same senes 
of whole numbers also functions foi the frequencies of the bands 
of bromobenzene m thin films because the lelative positions of 
the heads of the bands of chlorobenzene and bromobenzene are 
identical. 

D. Application of the Method of Least Squares to 
Absorption Data. 

A moie rigid mathematical compaiison of all of the data 
under consideration in this paper is heiewith presented in the 
following Tables V, to IX. inclusive. 

TABLE V. 


CiiLOROHENZiiNii (ill alcohol) J’ = 24'm06v + 3484 go3 


A 

B (Boly) 

c 

D 

8 

3682 

3680 237 

+ 1 783 


3777 

3777 904 

- 0-904 

14 

3825 

3826 737 

- 1-737 

iG 

3878 

3875-570 

+ 2-430 


3920 

3924-403 

- 4403 


3975 

3973-237 

-1- 1-763 

24 

4072 

4070 903 

l- 1-097 


TABLE VI 

Ciiloroblnzi'NE (in alcohol) y = 24 gSoBa + 347S73S. 


A 

I? (Pnrvis) 

C 

D 

3 

368s 

367S 583 

4- 6417 


3781 

3778 505 

+ 2495 

H 

3814 

3S2S-460 



3880 

3S78 428 

+ 1572 

iS 

t 3923 

392S 389 

- 5389 


3984 

3978 350 

+ 5630 

24 

1 4082 

4078 272 

+ 3 728 
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TABLE Vlf, 


liliOMOm N/l'Nl ^in alcohol) V = 2169011 1- 


\ " 1 

1 

c 

D 

, “ ^ i 


3676017 

1- 2 gs3 


3775 

3771 Snu 

1 0 I.) I 


3S21 

3H2 fiSij 

- j'iSg 

16 

3S74 

3873‘‘i7o , 

4- 0-430 

IS 1 

3QI7 

; 39 -i 2"J5 i 

- 5 951 


3976 

1 397^ 332 

4 3 C6S 

__ 1 

4073 

1 407* 093 

4- 1-907 



TABLE VIII 


Cinoiioii 

N/LNi- (iH thin filniq V — 19 9717 

(- 3573 98O. 


11 (IMirii.) 


D 

5 

3674 

3673-814 

4- 0-156 


3772 

3773 7"5 

- I-70S 


3«tS 

3S1, 040 

+ 4 354 

IS 

3871 

3-S73 5G1 

- 2501 

17 

3912 

3913 503 

- i'505 


3974 

3973‘420 

+ 0-580 

24 

105 1 

4053 '307 

4- 0 693 


table I\. 


BliOM'll’l 

N/i M' (ill thill films) 1- = ig 954S 

r 4- 357° 665 


n (I’utvisl 

c 

D 

3 

3870 

3670- 139 

- 0 439 

ID 

3768 

3770213 

- 2-213 


3815 

3810-122 

+ 4S78 

JS 

3868 

3869 987 

- I ‘987 

17 

3909 

3909 -'’96 

- 0896 


3971 

3969 761 

+ 1-239 

24 

4049 

.fO|9 580 

- 0-5S0 


In each of the above Tableb (V.-IX.), column A contains the 
theoieticallj’ determined series of whole numbers of absoiptiou 
transitions which function as the origin of the corresponding 
oscillation fieqnencies respectively indicated in column B. The 
equation foi the stiaight line for each table of data expi esses the 
lelationshq) between the number of absorption transitions (.r) 
and the conesponding oscillation frequency (y). In each case 
the equation was deiived by applying the method of IcaA squares 
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to the theoretically detem.ined numbers ot' absoiption transitions 
(.v) in column A, and the expeiimentally detei mined fiequencies 
(j') in column B. By means of these equations, values for the 
oscillation fiequencies have been calculated and aie indicated in 
column C. The deviations of the calculated horn the expeii- 
mentally determined frequencies (1 e , B-C) aie recorded in 
column D 

It will be obseived that, with a few exceptions, the deviations 
show a remaikably close agi cement between the calculated and 
the observed fiequencies. Furtheimoie, a critical test, both of 
the validity of the rule that the fiequencies aie linear functions 
of the numbers of absorption transitions, and of the accuiacy of 
the data in question, may be found by calculating the values for 
the p}obable error by means of the application of Peters' formula 
for each of the columns of deviations in the above Tables V.-IX. 
Of couise. It is undeistood that the teim “ probable erior" does 
not mean that said eiror is moie probable than any othei. It 
signifies that m any subsequent obseivations the piobability of 
committing an eiror greater than the piobable error is equal to 
the probability of committing an eiior less than the probable 
error. Theiefoie, the detei mination of the piobable eiror for 
each of the above tables of data will give a 'numerical value 
which will lepresent the relative degiee of accuiacy of the several 
sets of data in the above tables, and also sei ve as a test of the 
validity of the tide. The following tabulation compiises the 
results of the application of Peters’ foimula for the probable error 
of a single observation • — 

Sv 

r = 08453 , Xv - sum of the deviations for each set 

- i) 

of data , n = number of measurements of frequencies, namely 7, - 
in each table of data. 



A compaiison of the va'nes in the above table shows that 
the probable error of a single observation for each table of data 
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(with the exception of VI. and possibly VII., i.e., chloiobenzene 
and bromobenzene in alcohol according to Pm vis), is practically 
wi(hin the limits of error of expeiimental obseivation. 

The developments presented in this chaptei wan ant the 
following conclusions — 

(1) The oscillation fiequencies of the absoiption bands of 
chlorobenzene and of bromobenzene, either in alcoholic solution 
or in thin films, are linear functions of a corresponding series of 
whole numbers. In terms of the present hypothesis, the whole 
number which is related to a given frequency repiesents the 
numbei of absorption transitions which function as the oiigin of 
the band of given frequency. 

(2) One series of numbeis of absoiption transitions applies 
equally to the data for chloiobenzene (Baly) and bromobenzene 
(Puivis) when obseivations weic made of the compounds in 
alcoholic solution. 

(3) Another series of numbeis of absoiption transitions 
applies equally to the data of Purvis for chlorobenzene and for 
bromobenzene when obseivations weie made of the puie sub- 
stances in thin films. 

(4) The probable errors for the observations of the substances 
in thin films aie not only more nearly equal but they are also 
smallei than the corresponding probable errois for the obseiva- 
tions of the substances m alcoholic solution. 

(5) The possibility of representing the frequencies of the 
absorption bands of a compound as linear functions of a series 
of whole numbeis affords a means of determining the relative 
accuracy of the obseivations. For example, the data of Purvis 
for chlorobenzene in alcoholic solution (Table VI.) do not con- 
form to this condition as is evident in Fig. 4. P'urthermore, 
the probable error for this set of observations is not commensur- 
ate with the probable errois for the other tables of data, and 
theiefore indicates greater errors in the deteiminations of the 
frequencies of the absoiption bands of chlorobenzene than in the 
other data under discussion. " 

E. The Origin of the Absorption Bands. 

There now remains for consideration the possibility of le- 
lating each of the seven absorption bands of chlorobenzene 
and bromobenzene to its probable source. In other words, in 



SPECTRA OF CHLORO-, BROAfO-, AND lODO-BENZENE 217 


terms of the present hypothesis each absorption band owes its 
origin to the existence of certain numbeis and groups of absorp- 
tion tiansitions. The groups of absorption transitions wlych 
are common to benzene, chlorobenzene, and bromobenzene have 
been indicated in Table II. The principles employed in relat- 
ing the seven bands of benzene to their respective groups of 
absorption transitions have been described in Chapter XVIIl., 
Section E. They aie applied, herewith, in the same manner 
to the absorption bands, of chlorobenzene and bromobenzene. 

Two different series of numbeis of absoiption transitions 
have been indicated in this chapter, namely, the series (8, 12, 14, 
16, 1 8, 20, 24) for either chlorobenzene or bromobenzene in 
alcoholic solution, and the series (5, 10, 12, 15, 17, 20, 24) for 
either chlorobenzene or bromobenzene in thin films. Accord- 
ingly, the two diffeient schemes presented in the following 
Tables X. and XI. embody the possible airangements of the 
several gioiips of absorption transitions which may function as 


TABLE X. 

CHi.onoBnNrcNE and Bromoben/bne in Alcohocic Solution. 


Hand 

Origin. 

Number of 
Absorption 
Tc4i\bUiona. 

One 


8 

Two 

IVj + on + ^i+yi + Sj or Vn^) 


Three 

iv„-i-«2+^,+y,+s..+(r4orvn,) + (ihor vy . 

14 

Four 

I V; + a , + H- y, -1- ». + (I4 or VII4) -I- (IL or VIj) + (III, or V,) 

16 


I v; -t- ai + +y, + S3 + (I4 or VII4) + {II3 or VIj) + III, + V, . 

18 

Six 

IV„-h«: + S, + y, + 8, + (l4 or Viy + IL^ + VL-l-IIIs+V, 


Seven 

IV;-l-«; + 0i + y, + «>l4+VIl4+IL-|-Vl5+ll4-fV, . . 

24 


TABLE XL 

Chlorobenzene and Bromobenzene in Thin Films. 




Number of 
Absorption 



Irausuions 

One 

IV, + |(«, + S,)or(-,,, + S„)} 

IV„ + {(a., + W or (7, + S4) -i-la, or 7,) + (l4 or VU4) 

iv:; + lU+fi,) or (7, + S,) + (s, or 7,) -r (L or VII 4 ) + (II, or VI,) 

iv; + ; 5 , (s. or 7i) + (I 4 or VII 4 ) + (if, or VI, ) + (III, or V,i 

5 

Two 


Tliree 


Four 

15 


IV, J + 0. + + Oi or yj + (I 4 or VII J + (Ug or VL) + III^ + V. 

17 

Six 

lVg + a2 + S 3 + 0^ + yi + (l 4 or 


Seven 

I V3 + 02 + 57+^1+71 + ^4 + ^^^ 4 + ^^2 + ^2 

24 
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the origin of the correspoiiding absorption bands. The notation 
is the same as that previously employed Foi example, the 
syjjibol IV, represents the two absoiptioii tian.^tions of gioiip 
IV., namely, C' C ^ D D' and C" ^ C ^ D ^ D". 

In compaimg the above schemes it will be obseived that the 
absorption transitions of gioup IV. involve the centiic electiomeis 
C and D (see Fig i, p. i88) which constitute the nucleus, so 
to speak, of the complete system of dynamic erjuilibna of the 
electiomers of benzene, chlorobenzene, and bromobenzene. The 
other groups of transitions are successively and collectively em- 
braced, producing in a natuial sequence the series of seven whole 
numbeis which aie linear functions of the oscillation fiequencies 
of the seven bands, and which may piobably lepiesent the 
number of the specifically indicated absoiption transitions in- 
volved in the production of the coiiesponding absorption band 

It has also been noted that the series of numbers of transitions 
related to the absorption bands of chlorobenzene and biomo- 
benzene in alcoholic solution is not identical with the senes of 
numbers of tiansitions related to the absorption bands of these 
compounds in thin films The explanation of this difference 
may be found jn the fact that in alcoholic solution the molecules 
of the dissolved compound cannot be as closely compacted as 
they are in thin films of the pine substance. Consequently, the 
relative positions of the electiomers of the compound are different 
and this in tuin may lead to different aiiangenients of the various 
groups of the electronieis so that one seiies of gioups of tiansi- 
tions would function as the origins of the bands of the compound 
in solution while another series of gioups of absorption transitions 
would determine the origins of the bands of the compound in the 
pure state, that is, m thin films. 

F. The Non-Selective Absorption of lodobenzene. 

The absorption spectra of solutions of lodobenzene have been 
investigated by Pauer'-" wHo found no band.s Purvis also 
studied the absorption spectra of various concentrations of 
alcoholic solutions of iodobenzene, and of thin films of the pure 
substance No bands were found in eithei case, whereas each 
of the coiiesponding mono-substituted deiivatives of benzene, 
chloiobenzene and bromobenzene, exhibited seven bands. This 
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anomalous behaviour 011 (.he part of iodobenzene demands an 
explanation. 

Puivis has offeied the explanation that “the heavy iodine 
atom IS the contiolling foice, and it damps and dislocates the 
movements of the atoms of the benzene nucleus as well as the 
alkyl side chains, so that the lythmical oscillations 01 vibrations 
aie destioyed, and no selective absorption is possible”. It is 
undoubtedly true that the mass, the intrinsic charactei istics, the 
oiientation of the atoms of the benzene nucleus and its substi- 
tuents, and the physical conditions of the vibrating system, may 
all function m determining the natuie of the absorption spectra, 
but the absoiption hypothesis of Puivis and his explanation of 
the non-selective absorption of iodobenzene and its derivatives 
must be regarded as deficient for the following reasons ; — 

(1) Puivis fails to define the nature or type of the ihythmica! 
oscillations or vibrations of the so-called " oscillation centres " 

(2) The assumption thit the weight of the iodine atom 111 
iodobenzene damps and dislocates the movements of the atoms 
of the benzene nucleus, thereby preventing selective absoi ption, 
is somewhat arbitrary in that it fads to take into consideration 
another equally probable condition, namely, that^^the weights of 
othei atoms, chlorine and bromine, which replace one hydrogen 
atom of benzene likewise may damp, or at least dislocate, the 
movements of the atoms of the benzene nucleus and, theieby, 
cither alter or prevent selective absorption. This, however, is 
not the case since chloiobenzene and bromobenzene each show 
seven absorption bands — same number exhibited by benzene. 
An inspection of the following tabulation fuither emphasizes the 
significance of this criticism : — 


CjHj . H . . H = 

CflHj .Cl Cl = 

C„Hj . Br Br 

CnHj.I , . 


I 008 
35-4f> 
79-92 


35-46 1-008 = 35-17 

79'92-3S46 = 2 25 
t26 92 : 79-92 = 1-38 


Column A contains the formulre of the compounds under 
consideration. Column B indicates the atomic weights of the 
substituents which replace one hydrogen atom of benzene ; 
benzene, in turn, being regarded as phenyl hydride, a mono- 
substituted derivative. Column C embodies data showing that 
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the chlorine atom which replaces one hydrogen atom is 3 5' 17 
times as heavy as the leplaced hydiogen atom of benzene. 
Noiwithstanding this very gieat difference in the ratio of the 
weights of the substituents chlorine and hydiogen, chloiobenzene 
shows the same numbei of absoiption bands as does phenyl 
hydiide or benzene Fin thei more, the bromine atom which may 
be regaided as replacing the chlorine atom is 2'35 times as 
heavy as the displaced chloiine atom , nevertheless, the lesult- 
ing compound, biomobenzene, shows seven absorption bands. 
Finally, the iodine atom replacing the bromine atom is only 
1-53 times as heavy as the displaced bromine atom, but iodo- 
benzene shows no absorption bands. Theiefoie, in view of 
these dect easing latios of the weights of the substituents, hydro- 
gen, chlorine, biomine, and iodine, to one another, the non- 
sclective absoiption of lodobenzene should not be attiibuted to 
the weight of the iodine atom. How then is the non-selective 
absorption of lodobcnzene to be explained ? 

The piesent hypothesis has explained selective absoiption 
by the occuireiice of definitely described rearrangements of 
valencies within the electronic foimul.e of the compound in 
dynamic equilibiia. These reariangements, contiaplex-diplex 
transitions 01 absoiption tiansitions, must be interfered with in 
some definite way if the selective absoiption of the compound 
is to be pievented. Therefore, if chloiobenzene and biomo- 
benzene each shows seven absorption bauds and iodobenzene 
shows none, it must be concluded that the chlorine and bromine 
atoms in chloiobenzene and bromobenzene do not prevent the 
occurrence of absoiption tiansitions, but that the iodine atom in 
iodobenzene (or its derivatives) inhibits, in some manner, the 
occurrence of absorption transitions. Now the existence of 
absorption transitions has been shown to depend upon learrange- 
ments of the centric valences of the nucleus. Accordingly, the 
non-i,cl(ctivc absorption of todohenrsene must be due to the inhibition 
or prevention of the centric t eai range rnents of the bunsenc nuclei by 
the substituted iodine atom ' 

Why does not the substituted chlorine and bromine atom in 
chloiobenzene and biomobenzene inhibit centiic rearrangements 
and theieby prevent the occurrence of the absoiption tiansitions 
and the consequent selective absoiption of these compounds? 
The answer to this question may be found in the particular 
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chemical natiiie of the siibst'ituents chlorme7bromine, and iodine. 
In chlorobenzene and biomobenzene the substituents are com- 
pletely saturated, i.e , they form no addition compounds thiough 
the intermediate agency of the chloiine 01 biomine atoms, "'^On 
the other hand, the iodine atom in iodobenzene is unsatmated 
since it combines diiectly with chloiine to form lodobenzene di- 
chloride accoiding to the equation, 

C„H„I + Cl, -S' CjHjICL. 

The existence of the compounds, iodosobenzene, CgH^IO, and 
iodoxybenzene, CnHjIOa, affords additional evidence of the 
nnsaturated condition of the iodine atom m lodobenzene. The 
corresponding derivatives of chloiobenzene and bromobenzene 
are unknown. 

The manner in which the unsaturated iodine atom inhibits 
the centiic reariangements of the benzene nucleus may be made 
evident by considering fiist the stiuctural formulie of the com- 
pounds lodobenzene dichloiide, iodosobenzene, and iodoxyben- 
zene, namely, 

/Cl /D 

CbH,— , CoHj— 1=0, CoH,— 

\C1 

In iodobenzene, iodine is univalent , in iodobenzene 
dichloride and iodosobenzene, tervalent ; in iodoxybenzene, 
quinquevalent. In peiiodic acid, HIO^, stiucturally repiesented 

H — O — 1==0, the maximum valence of iodine is seven. Hence 

^0 

it may be concluded that the unsaturated iodine atom in 
iodobenzene may possess two, foui, and possibly six free or 
potential valences which may be represented as follows : — 

C„H,— 1= C„H5— C„H5— 1 = 

This propel ty of ceitain atoms to display a capacity foi 
incieasing then degree of saturatioiF is well known, and generally 
the additional valences manifest themselves, or aie called into 
play, so to speak, m paiis. Furthermoie, the two valences of 
such a pair are of opposite sign or polarity. Foi instance, in 
the reaction, NHg + HCl NH^Cl, the nitiogen atom changes 
its valence fiom three to five, that is, the valence is increased by 



THE ELECTRONIC CONCEPTION OF VALENCE 


two. In terms of tlie electronic conception of positive and 
negative valences this reaction is repiesented as follows . — 

’■ NH3 = 

+ 

I- H 

NHj + H Cl = lIjN 

- ' Cl 

Analogously the iodine atom in lodobeiizene increases its valence 
by two when combining with chlorine, thus : — 

CjHj 1 = C„H, 1=^.= 

+ ,.C1 

C.Hj 1 + Cl Cl = C^Hj 1 

~ Cl 

Analogously the several possible degiees of satuiation of the 
iodine atom in iodobenzene may be icpieseiited as follows, the 
additional valences appearing in pairs • — 

C.H, C.H. 1 + C,H, 

" +II-" 

In the last formula the iodine atom displays its maximum 
valence of seven. One valence unites the atom to the benzene 
ring, and each of the three pairs of latent or potential valences 
comprises one positive and one negative valence. 

Of the six centric valences of the benzene nucleus, three aie 
positive and thiee arc negative. Hence, the centric valences 
may be rcgaided as consisting of thiee paiis of free or potential 
valences, each pair consisting of one positive and one negative 
valence. Therefore, all of the free or potential valences of iodo- 
benzene may be indicated in the following stiuctural formula : — ■ 


H 
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Now the iiiisatuiated vjilences of the iodine atom and the 
centiic valences of the benzene nucleus would most naturally 
engage or neutralize one another as may be indicated in the 
following formula in which the substituted iodine atom has been 
placed in the centre for the sake of symmetry • — 


H 





This electronic foimula definitely illustrates how the centi ic 
valences of the benzene nucleus may be either " bound ” or in- 
terfeied with by the unsaturated valences of the substituted iodine 
atom Theiefoie, the non-selective absorption of iodobenzene 
natuially may be attiibuted to the unsaturated state of the iodine 
atom, the free or potential valences of which bind or interfere 
with the centric valences of the benzene nucleus, thereby inhibit- 
ing centiic rearrangements, and consequently preventing the 
occurience of absorption transitions, ^ 



CHAPTER XX. 


DYNAMIC ELECTRONIC FORMUL/E AND THE ULTRAVIOLET 
AB.SORPTION SPECTRUM OF NAPHTHALENE, 

The electronic conception of valence and the absorption-transition 
hypothesis have been applied, respectively, to the constitution 
and to the ultraviolet absorption spectia of benzene, chloioben- 
zene, and bromobenzene. They aie extended, heiewith, to the 
constitution and ultiaviolet absoiption spectrum of naphthalene, 

A. Electronic Formulse of Naphthalene. 

Benzene nuclei of the centric type were composed of the five 
electronic types of caibon atom (see p 49). Each nucleus em- 
biaced three pairs of the combined types I. and V, II. and IV , 
or III. and III., symmetrically co-ordinated. Only six centiic 
electronic formulie, centric electiomers of benzene, were possible. 
By extending ^his method of building up electronic formula to 
the constituent atoms of the naphthalene molecule, two and only 
two, perfectly symmetrical centric electiomers aie possible, 
namely, A and B of Fig. 7 — 



Fio. 7. 

Note that electiomer A k composed of carbon atoms of types 
I, and V. ; B, of carbon atoms of types II., III., and IV., sym- 
metrically co-oidinated The inclusion of carbon atom of type 
III with types II. and IV. in electromei B is noted specifically in 
the two carbon atoms that aie not united to hydrogen atoms. 
In other words, these aie the two carbon atoms common to the 
224 
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two benzene lings which constitute the naphthalene molecule. 
It is veiy significant that the hychogen atoms iji positions 
I, 3, 6, and 8 of the naphthalene ring are negative while those in 
positions 2, 4, 5, and 7 aie positive. 

It is quite possible to mteipret many of the chemical proper- 
ties and leactions of naphthalene in teims of the polarities of 
these hydrogen atoms of the electionic formula of naphthalene, 
somewhat as substitution in the benzene nucleus, and many 
chemical propeities of benzene and its derivatives weie interpreted 
fully in teims of the electronic foimula of benzene. This mono- 
giaph has limited its intei pretation of chemical reactions chiefly 
to benzene and its derivatives. The electronic foimulm of con- 
densed benzene nuclei, such as naphthalene, anthiacene, and 
phenanthiene, are dealt with in relation to phenomena of light 
absorption and fluoiescence, 

B. Systems of Dynamic Equilibria of the Electromers of 
Naphthalene. 

A complete scheme of the systems of dynamic equilibria of 
the electromeis of naphthalene is given in Fig. S (p. 226) The 
polarities of the valences which engage the hyt^rogen atoms of 
naphthalene are not indicated because they do not function in the 
centric rearrangements and related systems of equilibria. 

Each electronic formula is to be regarded as the plane pio- 
jection of a space formula. The centric electromer A is the 
intermediate phase between the three possible phasotropic 
electromers A', A", and A"'. By means of centric real range- 
merit, A, composed of caibon atoms of the types I and V., may 
be converted into B, composed of carbon atoms of the types II., 
III., and TV. In turn, B functions as the intermediate phase 
between the phasotropic electromers B', B", and B'". This 
scheme presents six primary and nine secondary systems of 
phasotiopic equilibria. Two of the primary and the nine 
secondary systems involve contraplex-diplex transitions which 
are assumed to constitute both thi? structural and the electronic 
explanation of the ultraviolet absorption spectrum of naphtha- 
lene. 

Befoie tabulating and discussing the seveial systems of 
contraplex-diplex transitions, i.e, absorption transitions, it will 
be necessary to review briefly the relation between the absorption 

15 
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spectrum of naphthalene and its chemical constitution as con- 
ceived by Baly and Tuckd“^ 



I 



C. The Absorption Spectrum of Naphthalene. 

Baly and Tiiclt state that “ there are three absorption bands, 
namely, two naiiow ones at l/X = 3125 and 3220 respectively, 
and a bioad band with its head at about i/X = 3700”. In 
attempting to con elate the position of these bands with the 
constitution of naphthalene Baly and Tuck maintain that “ from 
the ease with which naphthalene is reduced in hot alcoholic 
solution by metallic sodium to the dihydro compound (I.), 
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and the further icduction to the tetrahydro compound (II ), this 
being the final product of the reduction, there is little doubt that 
one of the rings is truly benzenoid, and the other contains two 
ethylenic double bonds, which according to Thiele’s law, giv^e 
then maximum effect at the two extremes ; that is to say, 
at positions i and 4”. Baly and Tuck then conclude that 
“ Naphthalene theiefore would seem to consist of two rings, of 
which one is truly benzenoid, and the other contains two con- 
jugated double linkings There is no reason to insist that tlie 
two rings aie peimanently endowed with one of the two above 
characters, in fact it seems that the intei change of these chai- 
acters between the rings is perfectly possible, and no doubt is 
continually taking place." 

In seeking the origin of the three absoi ption bands in the 
spectrum of naphthalene, Baly and Tuck insist that the broad 
absorption band with its head at i/\ = 3700 is due to the 
benzenoid motions of the naphthalene molecule and attubute 
this band to that half of the molecule which is benzenoid in 
charactei. On the other hand, they maintain that the two nariow 
bands at i/\ = 3125 and 3220, which are nearer to the led end 
of the spectrum than any of the benzene bands, must be due to 
the isorropesis between the benzenoid tautomerism of the ring 
and the ethylenic double linkings of the other half of the mole- 
cule. Hence naphthalene is represented by the foimula — 



in which isorropesis between atoms 2 and 3 with the benzenoid 
system is indicated by the dotted lines 

The foiegoing suppositions of Baly and Tuck are open to the 
following thiee possible objections; — 

(i) Since the naphthalene molecule is generally conceded to 
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be symmetrically constituted and to conform structuially to either 
of the three following symmetrical types ; — 



it naturally follows that any systems of vibrations of the naphtha- 
lene molecule should likewise be symmetrically developed and 
involve only symmetrical configurations 

(3) The fact that certain deiivatives of naphthalene (such as 
the pieviously noted dihydro-and tetiahyclro-naphthalenes) seem 
to consist of two lings, one of which is truly ben^enoid while the 
other contains two conjugated double linkings, cannot be ac- 
cepted as pi oof that naphthalene itself consists of two kinds of 
lings. Baly and Tuck paitially admit this objection in their 
statement tli.it “there is no leason to insist that the two lings 
aie peimanently endowed with one of the two above chaiacters ; 
in fact, it seems that the interchange of these chaiacters between 
the lings is perfectly possible, and no doubt is continually taking 
place”. This, admission is incompatible with their fundamental 
assumption that one ring of the naphthalene molecule is ben- 
zenoid and that its vibrations produce band i/X = 3700, while 
on the othei hand the ethylenic ring permits of isorropesis be- 
tween the atoms 2 and 3 with the benzenoid system, theieby 
accounting for bands i/\ = 3125 and 3320. 

(3) The hypotheses of Baly and othei s fail to indicate the 
existence of any quantitative relationship between the actual 
oscillation fiequencies of the absorption bands and then proposed 
dynamic foimulm. 

In the proposed electronic foiniulo: foi naphthalene and in 
the systems of dymamic equilibria of the vaiious electromers there 
is pci feet symmetry both m the stiucture of the electromers and 
in the tiaiisitions they undergo. Moi cover, it is possible to show 
that a quantitative lelationship in the natuie of a linear function 
exists between the actual oscillation frequencies of the absorption 
bands of naphthalene and the numbers of absoiption transitions 
which may be specifically indicated in the systems of dynamic 
eqiiilibiia of the vaiious electiorneis. 
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D. Correlation of Oscillation Frequencies and Absorption 
Transitions. 

Refeinng to the complete scheme of dynamic equihbua of 
the electiomers of naphtlialene (see Fig S), observe that there oc- 
curs only one centiic leajrangement tiansition, namely, A B. 
The phasotropic electromeis, A', A'', and A"', ate each derived 
fiom the centi ic elcctiomei A and each contains five dtpler double 
bonds. They may therefoie be legaided as mutually equivalent 
in these systems of equilibria in which they are involved. On 
the othei hand, B', B", and B'", each deiived fiom the centiic 
electiomei B, aie not mutually equivalent since B' and B" each 
contain five contraplex double bonds while B"' contains four 
conUaplex and one diplex double bonds B' and B" may thcie- 
foie be regarded as mutually equivalent while B'" stands in a 
class by itself.*" Thus theic are thiee groups of phasotiopic 
electromeis, namely. — 

A' -=c;-=- A" A"', each containing double bonds , 

B' =c== B", each containing^w double bonds , 

B"', containing one dtplex and four contraplex double bonds. 

The piimaiyand secondary sj'stems of phasottopic equiiibiia 
are indicated in the following tables Those equiiibiia involving 
contraplex-diple.^, or absorption, tiansitions aie each followed 
by an asteri.sk : — 

" ary Syslema Secondary Syatema 

—A— A" r V —A— B— B"' » 

-A-A"- I ( A" _A— B-B'" * 

—A— A"' lA'"— A— B-B'" « 

— B— 13" /A' —A— B— B' * 

— B— B'" * A" —A— B-B' <■ 

B—B'" • „ I A'"— A- B— B' * 

^'•lA' —A— B—B" * 

A"— .A— B—B" » 

Ia'"— A-B-B" ‘ 

Only two of the primary sy'stems (group a) piesent absorp- 
tion transitions The nine secondary systems are naturally 
divided into two groups. Gioup 1. piesents three transitions, 
each of which involves B'" in dynamic equilibrium with A', 
A", and A'", respectively. Group II. presents six transitions 

*Tl\is type of an elcctromer functions in the production of the fluoreBCence 
band. Electronic formula; in relation to fluorescence will be considered in the fol- 
lowing chapter 
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involving B' and B" in dynamic equilibria with A-, A", and A'", 
respectively. Hence the following summaty • — 

Group I , . 3 .) 11 

Group II . . . fi ,, ,, 

The coiielatinn of the numbeis of these tiaiisitions with the 
oscillation frequencies of each of the bands in the ultraviolet 
absorption spectrum of naphthalene must now be developed. 
The oscillation fiequencies of the heads of each of these bands, 
a.s determined by Baly and Tuck, are as follows • — 

B.nid One . . i/A = 3125 

Q.ind Two . . . . i/A = 3220 

Baud Three . . r/A = 3700 

Now the two transitions of group a and the thiee transitions 
of gioup I. (i.e., five transitions), involve the electromei B'" which 
differs from each of the other phasotropic electromers of 
naphthalene. These five tiansitions may be assumed to function 
in the pioduction of one of the absoiption bands, presumably 
band One of loivest oscillation frequency, 3125. In other woids, 
the vibrations of these five absoiption tiansitions aie assumed to 
be synchronous with light waves of frequency 3123, On the 
other hand, theie remain the six absorption transitions of group 
II. which do not involve the electromer B'" Hence the 
vibiations of these six absorption transitions may be synchronous 
with light waves of frequency 3220, 1 e., band Two In other 
words, the oscillation fiequencies 3125 and 3220 have been 
assumed to be functions of the whole numbers 5 and 6 respec- 
tively. The problem now demanding solution is the deteimina- 
tion of that whole number which is a function of the oscillation 
frequency 3700 of the remaining band Three. How is this 
number to be derived ? 

Again, by employing the system of rectangular co-ordinates, 
it is possible to deteimine the number of absorption transitions 
involved in the production of band Three. In Fig. 9, the 
fiequencies are indicated o^tr the Y-axis and the numbers of 
contraplex-diple.x tiansitions on the X-axis. Five transitions 
have been assumed to function as the oiigm of band One of 
fiequency 31 25, six transitions as the origin of band Two, 
frequency 3220. Now if a straight line be extended through 
the points (3125, 5) and (3220, 6) its extension will inteisect the 
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perpendiculai from frequency 3700 at a point which has a corre- 
sponding value on the X-axis equal to the whole numbei eleven 
In other words, theie aie eleven absoiption transitions function- 
ing as the origin of band Three, frequency 3700. Fiiithermoie, 
it is remarkable that this number il, as thus derived, is equal to 
the sum of S plus 6. In teims of the absoiption tiansition 
hypothesis this numerical result peimits of only one conclusion, 
namely, that the five transitions which function as the oiigin of 
band One, and the six transitions which function as the oiigin 
of band Two, must function all together as the oiigin of the 



broad band Three. In other woids, the vibrations of the cntiie 
II absoiption transitions are synchronous with light waves of 
oscillation frequency 3700. 

The scheme lelating each of the absoiption bands of naphtha- 
lene to Its possible souice is presented in tabular form as follows 
(the nomenclature is identical with that employed in the two 
preceding chapters) : — 


Band 

Or.e.n 

Number of 

Absorption Transitions 
Involved 

3126 

I, + a, . . . 

5 


Ila . . 

6 

3700 

Ij + «, + II„ . . . 
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The equation for the straight line which iclates the whole 
numbeia, 5, 6, and ii, with the respective fiequcncies 3125 
3220, and 3700, calculated according to the method of least 
squaif'S, is {y = 9S'SS7i.i' + 2645'i6i3). 

In the following table, column A contains the theoretically 
dcteimined whole mimbcis repiesentcd by (.r); column B, the 
expeiimentally detei mined oscillation ficquencics represented by 
(_j') ; column C, the frequencies as calculated fiom the equation 
y - 9S SSyir + 2645-1613.— 


A j 

« I 

c 1 

D 

5 

3125 

3T24-5()6S 

+ 0 4032 

6 

3220 

3220 4839 

- 0-4839 


3700 

3699-9191 

+ 0-0806 


Note that the deviations, in column D, of the calculated fiom 
the actual oscillation fiequencics aie each less than one unit, a 
quantity exceedingly smaller than any deviation due to possible 
errois in c.xpeii mental obseivation. These lesults furthei sub- 
stantiate the hypothesis that the oscillation frequencies of the 
ab.sorption bands of a given compound are functions of the 
numbei of absorption tiansitions involved in the systems of 
dynamic equilibria of its electiomers. 

The beaiing of these developments upon the question of 
colour and constitution is at once appaient since a coloined 
substance is one which exeits stiong absoiption within the 
Oldinary limits of vision Theiefoie the pioposed absoiption 
transition hypothesis which mathematically lelates absorption 
and constitution should likewise function as the basis of the ex- 
planation of coloiii in relation to constitution 
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FLUORESCENCE IN RELATION TO ELECTRONIC FORMULAS. 

Since it has been possible to interpret the absorption of light 
in terms of electronic formulae and absoiption tiansitions, it 
naturally follows that fluorescence, notably manifested by such 
compounds as anthracene and phenanthrene, also may be intei- 
preted by means of electronic formulfc and a new type of contra- 
plex-diplex transition teimed '^fluorescence transitions" . 

Since fluorescence is produced only when the incident rays 
contain vibiations which the medium is capable of absorbing, it 
follows that the lelation between fluoiescence and absorption is 
to a ceitain extent recipiocal Not only can absoiption of light 
cause fluoiescence, but fluoiescence in many cases, as shown by 
Burke,”^ increases the intensity of absoiption. Hence, it is the 
purpose of the present chapter to extend the electronic conception 
of positive and negative valences and of contraplex-diplex 
tiansitions (as previously developed and illustrated m relation to 
absorption spectra in the three preceding chapters) to the inter- 
pretation of the phenomena of fluorescence. In other words, the 
relationship between chemical constitution and fluorescence will 
be consideied from the standpoint of the existence of contraplex- 
diplex transitions within the systems of dynamic equilibria of 
the electromers of fluorescent compounds. A comprehension of 
the proposed fluorescence hypothesis necessitates, in the fiist 
place, a brief leview of the foremost theoiies relating to fluor- 
escence and constitution. 

A. Fluorescence Theories in Relation to the Electronic 
Fluorescence Hypothesis. 

A survey of fluorescent compounds by Rich Meyei led to 
his " fluorophore ” theory which, in its original form, selves as 
an excellent means of classifying fluorescent compounds, but it 
233 
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affords no explanation of the i elation between chemical constitu- 
tion and fluorescence 

As a result of the researches of J. Stark on ultjaviolet 
fluCiescence, Meyei inverted his former view that the fluorophore 
is the seat of fluorescence, and both Stark and Meyer, have 
concluded that in aromatic substances t/ie benzene nucleus is the 
Larne> of Jluot essence, while the fluorophoies and various sub- 
stituents act so as to bring the fluoiescent vibrations within the 
visible poition of the spectrum The condensation of benzene 
nuclei accomplishes the same result 

The extensive researches of Kauffmann'^** culminating in the 
lummophore and flnoiogen theoiy also leads to the conclusion 
that in aromatic compounds the benzene nucleus is the seat of 
fluorescence, but this is not evoked until two kinds of gioups 
— the auxochiome and fluoiogen — have been introduced into 
certain positions. The introduction of the auxochrome excites 
luminescence, theieby indicating the appioaching state of fluor- 
escence. The subsequent addition of a lummophore peifects the 
process in the production of fluoiescence. 

Francesconi and Baigellini also admit the impoitant pait 
played m fluoiescence by the benzene nucleus Recognizing that 
the observ’ations of Meyer and Kauffinann aie concerned chiefly 
with visible fluorescence, they claim that all amnatic compounds 
a/e fluorescent and that it is p/eniatu/e to atte/zipt to cvplain the 
action of various suhstiinents. Nevertheless, they classify sub- 
stituents accoiding to their action on the fluoiescence of the 
paient substance. Those substituents which increase the fluor- 
escence are called “ auxoflores,’’ and those which depress it, 
“ bathoflores ”, 

It is impoitant to the development of the electionic fluor- 
escence hypothesis to note that the common point of agreement 
in each of the above theories is the tendency to lelate the origin 
of fluoiescence to the bensene nucleus. 

The relation between tautomeric change and fluorescence 
was oiiginally embodied inJihe theory of Wiedemann,^^ that the 
molecule of a fluoiescent substance exists in two forms, one of 
which IS more stable than the other The stable form absorbs 
the encigy of light vibiation, and is thereby transformed into the 
less Stable modification which spontaneously passes back to 
the stable form, emitting the previously absorbed energy as the 
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fluoiescent light Wiedemann maintaine-* that the two varieties 
of substance may be produced by the shifting of an atom within 
the molecule, and that the fluorescent light is directly due to the 
vibrations in the ether which are set up by the motions df this 
atom . 

Hewitt's theory of double symmetric tautomerism involves 
the conception of Wiedemann that a fluoiescent substance must 
exist m intei changeable foiras. For instance, anthracene 
(Fig 10), and di-phenylpyi one-sulphate (Fig ii) pieseiit the 
following changes ; — 




In either of the above figures the molecule (Irt) passes to (II), 
and then to (H), whereupon the process is repeated in the leverse 
direction. The molecules ([«) and (H) are chemically identical 
Hewitt likens these changes to the movements of a swinging 
pendulum The limiting positions in the amplitude of vibration 
coi respond to forms (I«) and (lb) while the position of rest, so 
to speak, is represented by form (II). 

It should here be noted that the changes from one foim to 
another are accomplished in two distinct ways : (i) In anthracene 
the changes are due solely to a rearrangement of the positions of 
the double bonds, i.e., to changes' in the direction of valences. 
(2) In di-phenylpyrone-sulphate, the rearrangement of double 
bonds is accompanied by a change in the position of a hydrogen 
atom. The significance of these changes from an elcctionic 
standpoint will appear in the definition of the term “ fluorescence 
transition,” which will be developed in a subsequent paragraph. 
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Let it now be lecalled that Wiudemann maintained that 
fluoiescence was due to vibrations set up by the motion or the 
wandeiing of an atom, but Drude has shown that the vibrations 
of the.* atom itself, or the group of positive elections must cone- 
spond to the infra-red portion of the spectrum, while the periods 
in the visible and ultiaviolet region aie due to dispeisional or 
valency elections. Theiefoie, the second fotm of the substance 
required by Wiedemann’s theory need not be produced by the 
movement of an atom, but tneiely by //te change in position of an 
electron or va'ency. Since any change in the position of an atom 
is accompanied by a change in the positions of the double bonds, 
it follows that Hewitt’s examples of double symmetric tauto- 
inerism given above will fulfil eithei one or both of these con- 
ditions, 

From this biief leview of the foremost fluorescence theories, 
the following conclusions may be drawn : — 

(1) The origin of fluoiescence in aiomatic compounds is related 
in some way to the ben/.ene nucleus 

(2) Physico-chemical evidence shows that the affinities of the 
ben/.ene nucleus are m a state of continual oscillation 

(3) Physical theories requiie the presence of mobile negative 
electrons 01 valencies in the molecules of fluorescent compounds. 

Therefore, any hypothesis which may be designed to expiess 
the relationship between chemical constitution and fluorescence 
must coi relate these three conclusions. 

B. Fluorescence Transitions. 

In the piccedmg chapters it has been shown that absorption 
of light is due to the existence of contraplex-diplex transitions 
within the systems of phasotiopic equilibiia of the various elec- 
tromeis of a given compound. These clutronic systems of phaso- 
tropic equilihiia also seri’c as examples of double symmetric 
taniomeiimi Now note that any compound which contains a 
benzene nucleus (or condensed benzene nuclei) when consideied 
fiom the standpoint of the electronic conception of positive and 
negatum valence, will involve contraple.x-diplex 01 absoiption 
transitions within the primary and secondary systems of phaso- 
tropic equilibiia of its electromeis, and consequently must mani- 
fest one or moie absorption bands in its spectrum. Now since 
fluorescence is pioduced only when the incident rays contain 
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vibiations which the medium is capable of*absorbiiijf, it natvually 
follows that the function of the benzene nucleus in fluorescent 
compounds is to make possible the absoiption of light as the 
result of the existence of contiaplex-diplex transitions, ^Thus 
the three conditions noted above aie conelated, and an explana- 
tion of the factor of absorption in the phenomenon of fluoiescence 
is theicby afforded 

The v'arious theories on fluoiescence and chemical constitu- 
tion have failed to explain the factor of absorption in connection 
with the relations between the wave-lengths of the absoibed and 
the fluorescent or emitted light. It has been shown that incident 
light of a given wave-length may excite a fluoiescence consisting 
of several different rays ; and, conversely, a given ray in the 
fluoiescent spectrum may correspond to absorbed light of diffeient 
wave-lengths. How are these facts to be inteipieted in terms of 
contraplex-diplex transitions? In other words, what conditions 
in the making and breaking 01 reariangement of contraplex and 
of diplex double bonds could be assumed to cause the emission 
of light of an oscillation frequency different from that which is 
absorbed ? An answer to this question may be found in the 
following definitions of two possible types (I and II) of con- 
traplex-diplex transitions 

Let Aj and A.^ repiesent two electromeis of a given compound 
in phasotropic equilibrium with one another. Also, let r/j and d„ 
be the number of diplex double bonds, and c, and be the 
number of contraplex double bonds in Aj and Aj respectively. 
Now if = d„ and Cj = c,,, then in the equilibrium Aj ^ A2 theie 
would be no contraplex-diplex transitions, hence neither absoip- 
tion of light nor fluorescence On the other hand, if is 
unequal to d„, or if c, is unequal to o, i e., d^ or ^ c^, 

there would result two types (I. and II.) of contraplex-diple.x 
transitions in the equilibrium Aj A^. 

Type I When = c„ and c, = d, the equilibrium Aj A„ 
would involve contraplex-diplex transitions in which the number 
of diplex double bonds in one elestiomer is equal to the number 
of contraplex double bonds in the other electromer. In othei 
words the number of diplex bonds in one electiomei is balanced 
by an equal number of contraplex bonds in the other electromer. 
Such a condition, fully described and exemplified in preceding 
chapters, constitutes the origin of a absorption band, that is the 
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absorption of light of h definite oscillation frequency synchronous 
with the rate of transition from the one elcctiomei to the othei. 
Foi convenience in reference, contraplex-diplex transitions of this 
typeiiave been and will be teimed “absorption tiansitions 

Type II. When c,, 01 r, the equilibnum Aj Aj 
will involve contraplex-diplex transitions m which either the 
number of dipiex double bonds of the one electiomer is 
unequal to the number of contraplex double bonds of the other 
electromer, or vice versa Such a condition could be pioductive 
of two results simultaneously, (i) The absorption of light of a 
given frequency since some of the diplex or contraplex bonds of 
the one electiomer are in equilibrium with, or aie balanced by, 
an equal number of contraplex or diplex bonds, respectively, in 
the other electiomer. (3) The existence of a residual number of 
unbalanced double bonds which do not function in the absorption 
of light, must function in the emission of light of a frequency 
different fiom that which is absorbed, hence fluoiescence 
Contraplex-diple.x transitions of this type (II.) will be teimed 
" fluoiescence transitions ”. 

The seveial conditions described above may be summarized 
as follows ■ — 

When q = q, and d^ = i 4 , the transition Aj ^ Aj causes 
neither absorption nor fluorescence. 

When q =f q, 01 d^ ={= i/j, two types (I and II ) of contiaplex- 
diplex transitions are possible. 

Type I, When d^ = q and q = 4 . tiansition A^ Aj 
produces absorption only. 

Type II. When (/, =j= q, or q d,^ transition A^ ^ A, 
occasions simultaneously, (i) absorption, and (2) emission of 
light ; hence fluorescence 

A general hypothesis may now be stated, namely, that a sub- 
stance majiifests fluorescence lohenever within the systems of dynamic 
equilibria of its electroniers the number of diplex double bonds under- 
going rearrangement is unequal to the number of contraplex double 
bonds simultaneously undergoing renri angement. 

From the method of its development it is evident that this 
hypothesis embodies the fundamental features of each of the previ- 
ously noted theories. It will now be extended to the dynamic 
formula; and fluorescent spectra of anthracene and phenanthrene 
vapours. 
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C. Fluorescent Spectra oJf Anthracene and Phenanthrene. 

Elston*'^ has made an exhaustive study of the fluorescent 
and absorption spectia of anthracene and phenanthrene vapours 
and states that " the fluorescent spectinm of anthracene vapolns 
consists of three bright bands at 390, 41 5, and 432 /x/i superposed 
upon a continuous region extending fiom 365 to 470 p-fi Theie 
is no evidence of lines . When the fluot escent spectrum of pure 
phenanthrene vapour was photogi aphed, it was found to consist 
of the same bands as that of anthracene, but with an additional 
band at 360 Elston then concludes that “there is an 

intimate connection between the fluorescence of the vapouis of 
the two isomeiic substances, undoubtedly due to their common 
chemical composition and similar structuial composition 

. . . Just what gives use to the extra band in the fluoi escent 
spectium of phenanthiene is not apparent” 

Elston IS undoubtedly collect in stating that there is an 
intimate connection between the fluorescence of the vapouis of 
the two substances but this cannot be attributed entirely to their 
similar structural composition While anthracene and phenan- 
thiene each consists of three condensed benzene nuclei the 
position of the central nucleus in each foimula rendeis them 
dissimilar, A glance at the relative positions of cai bon atoms 
9 and 10 in each of the following formulae makes evident the 
difference in stiucture: — 



Anthracene and phenanthiene hav'e three fluotescence bands 
in common. Elston states that the cause of the extra fluorescence 
band in the phenanthrene spectium is not apparent Now since 
these compounds are dissiinilai in ostructuie, it is natuial to 
assume that the existence of the extra band is related in some 
way to this difference in structuie. Hence in the application of 
the elect! onic conception of positive and negative valences to 
the constituent atoms of anthracene and phenanthrene, the 
purpose of the present chapter becomes threefold:— 
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(l) To show tifat within the sijjstems of dynamic equilibiia 
of the electromers of anthracene and phenanthiene theie necessarily 
exist Jluo) escence tiansilions. 

<n(2) To account foi the existence of the extra band in the 
fluQiescent spectrum of phenanthiene vapour 

(3) To show that the oscillation fiequencies of the fliioiescence 
bands of anthracene and phenanthreiie may be repiesented as 
lineal functions of the numbers of fluoicscence tiansitions occiii ling 
within the lespective systems of dynamic eqmlibiia of their elec- 
tromers. 

The method of developing the electronic foimulre of benzene 
and naphthalene by symmetrically co-ordinating caibon atoms 
of types 1 . and V , II. and IV., and III. and III , has been applied 
to the constituent atoms of anthiacene and phenanthreiie. Two 
and only two centric electiomers (A and B) of each of these 
compounds aie del ived. They are repiesented in Figs. 12 and 
13 lespcctivcly 




In each of the above figures the centric electromers (A) are 
composed of carbon atoms of the types I. and V while the 
centric electiomeis (B) embrace in their structure caibon atoms 
of the types II., Ill , and IV. 
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D. Systems of Dynamic Equilibria of the Electromers of 
Anthracene. 

A complete scheme of the several systems of dynamic eqiii- 
hbiia of the electiomers of antliiacene is piesented m Fig. 14. 

Each electronic foimula is the plane piojection of a space 
foimula The centiic electromer A is the intei mediate phase 
between the foni possible phasotropic electromens, A' , A”, A”', 
and A‘'’ By means of centric leairangement A is convertible 
into B. In tnin, B functions as the iiitei mediate phase between 
B’, B”', B'", and B''’ 

The electiomeis of anthracene may be arianged into gioups 
depending upon their respective symmetry and the number and 
kind of double bonds existing in theii stiuctuie, thus: — 

A> , An , cMh possessing 7 diple\ double bonds , Abbreviation . . (7d,) 

A'n , Aiv., „ „ 7 diple\ double bonds , abbreviation . (7d.) 

Bi , B"’, I, .1 7 contraplex double bonds ; abbieviation . (7c) 

Bin, Biv., „ ,, 6 contraplex and i diplex bonds, abbreviation {6c., id) 

The primal y and secondary systems of phasotropic equilibria 
which involve absorption and fluorescence transitions are in- 
cluded in the following table. (Note that the absorption transi- 
tions, such as A' A ^ B ^ B' and A"‘ A ^ B B'^ are 
followed by a single asterisk. The fluorescence tiansitions, such 
as A^ A ^ B ^ B'” and B” ^ B ^ B*'' involving the elec- 
tromers B’” and B"’, are followed by a double asterisk 

Bi. — B— Bill ** 

(7C.) Bl'.ZiZBn. *• 

Bn— B— B*v. ** 

Secondary Systems. 

Ai. -A-B— Bi. * 

Ai. — A— B— -Bu. * , . 

(7d.) A.I.-A-B-B. * 

An. —A— B— Bn. • 


(7d.) 

(7d.) 

(7d.) 


Ai — A— B— Bill. ** 
Ai. — A — B — Biv ** 

An A— B— Bin. *• 

An _a_B— Biv. »* 

Ain._A— B— Ul. * 

Am — A— B— Bn • 
Aiv — A— B— B i * 

A 1 —A— B— Bn. * 
Am — ^A— B— Bin. *» 
Am — A— B— Biv •• 
Aiv— A— B— Bin ** 
Aiv^A— B— Bii. •* 
16 


(6c., Id.) 

(7c) 


(6c., id.) 
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There are twelve fluorescence transitions within the complete 
system of dynamic equilibria of the electromeis of anthracene. 

E. Systems of Dynamic Equilibria of the Electromers of 
Phenanthrene. 

A complete scheme of the several clectiomeis of phenanthrene 
in dynamic equilibria i.s presented in Fig. 15. 

The centric electiorner A is the inter-mediate phase between 
the five possible phasotropic electromers A', A“, A‘", A’^', and 
A''- By means of centric rearrangement A is convertible into 
B which functions as the intermediate plrase between the elec- 
tromeis B", B"', B^v, and B'^ 

The electromers of phenanthrene may also be arranged into 
groups depending upon their respective symmetrj'and the number 
and kind of double bonds in their structure, thus ; — 


A' , A” , e.ich possebsmg 7 diplex double bondb , .ibbrcviatioii (yd.) 
A"',Au, „ „ 7 „ .. „ „ (yd) 

A'-- „ 7 „ „ „ „ (yd.) 

Bi, B”, „ „ 7 coiitraplex „ „ ,, (yc.) 

Bill , B>v , „ „ 6 ,, .ind 1 diplcx bond , ,, (be., id ) 

Bv. „ 5 .1 ..2 II bonds , „ (3c., ad.) 


It should be observed that an electiorner of the type B''’'- con- 
taining five contraplex and two diplex double bonds is not to be 
found among the electi omei s of antlrracene. Hence the existence 
of A'' and B'' in the phenanthrene system serves to distinguish 
it from the anthracene system, and furthermore must bear some 
relation to the additional fluorescence band in the spectrum of 
phenanthrene vapour. 

The primary and secondary systems of phasotropic equilibria 
involving absorption and fluorescence transitions are included in 
the following table . — 


Primary Systems, 



Secondary Systems, 


i-Ai —A—B— Bi 
„ , , An — A— B— Bi * . 

7^.) - A. -A-B-Un •)■ (7C.) 
^Aii. — A— B— B«. *J 


16 * 






FLUORESCENCE IN RELATION TO FORMULAE 24S 




(7d) 


f Am^A-B— Bi. *' 
An —A— B— Bi. * 
Am_A_B— Bii * 
An _A— B— Bn * 

I A' — A— B— Bi * 

I A' —A— B— Bn * 


j- (7C.) 
! (yu) 



(7<ii '.Ute.-n 

174) {rz^zszs; ")(5«.=4) 

( 7 d ) { Av -a-B-Bv. ** } ( 5 C., 2(1.) 


Theie are twenty-three fluorescence transitions within the 
system of dynamic equilibria of the electi omers of phenanthrene, 
that is, eleven moie than are to be found in ^he anthiacene 
system This additional number of eleven transitions is made 
possible thiough the existence of the electromers and B''. 

The first purpose of this chapter, namely, to demonstrate 
the existence of fluorescence transitions within the systems of 
phasotiopic equilibria of the electromers of anthracene and 
phenanthrene, is realized in the preceding schemes of dynamic 
equilibria and tabulations thereof. 

The second puipose, namely, to account for the existence of 
the extra band in the fluorescent spectrum of phenanthrene 
vapour, is realized in the existence of the electromers A'' and B'' 
of the phenanthrene system. Electromer , containing S contra- 
plex and 2 diplex double bonds is a type which is not known 
in the anthracene system. The e.xistence of A'^' and makes 
possible eleven more fluoiescence transitions m the phenanthrene 
system than in the anthracene system. Hence these conditions, 
peculiai to the phenanthiene system, may naturally be assumed 
to constitute the explanation of the additional fluorescence band 
in the phenanthrene spectrum. 
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F. The Correlation of Oscillation Frequencies of Fluor- 
escence Bands and Fluorescence Transitions. 

Il Jiow lemaiiis to be bhown lluit the oscillatinn ficquencies 
of Ltic fluorescence bands of anthiacene and phenanlhrenc may 
be lepicsenled as lineal functions of the nuinbeis of fluorescence 
transitions occuning in the systems of dynamic equilibiia of their 
electromeis. The existence of such a relatioiibhip is to be ex- 
pected since the oscillation frequencies of the absorption bands 
of benzene, chloio- and bromo-benzene and of naphthalene 
have been represented as linear functions of the numbers of 
absorption transitions occuning within the systems of equilibria 
of theii electiomeis. This lelatiouship found expiession m the 
equation foi a stiaight line, / = j.t' 4- b, in which r is the oscilla- 
tion ficquenc}’ and a* the numbci ofabsoiption tiansitions. 

The oscillation fiequencies of the fluorescence bands of 
anthiacene and pheiianthienc have been calculated from the 
values for the wave-lengths as detei mined by Elston and are 
embodied in the following table . — 



The values for bands One, Two, and Thiee are identical for 
anthiacene and phenanthiene. 

Heretofoie the supposition has been made that all of the 
absorption transitions within a given system weie synchronous 
with the light waves of highest oscillation frequency. Accord- 
ingly it may now be assumed that the maximum numbei of 
fluoicscence transitions, namely, twelve in the anthracene system 
and twenty-three in the phenanthiene system, are respectively in- 
volved in the pioduction of tile anthiacene fluoiescence band Thiee 
(fiequencj' 25(54) and the phenanthrene fluorescence band Four 
(fiequency 2778) How aie the numbers of fluorescence transi- 
tions coiresponding to, and functioning as the origin of, the 
oscillation fiequencies of the remaining fluoiescence bands of 
anthracene and phenanthrene to be determined ? 
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In the following Fig. 16, the oscillation fiequencies are 
indicated on the Y-axis and the numbers of fluorescence tiansi- 
tions on the X-axis. 



Fiq. 1(3 — Aiitliiacciie . Pheiiantlireiic 


An examination of the tabulated groups of tiansitions of the 
anthracene system shows tha*' four (4) is the smallest number of 
fluorescence tiansitions comprising a group. If the vibiations 
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of four such transitions are assumed 1:o be synchronous with the 
lowest oscillation frequency (2315) of the anthracene fluoiescence 
band One, and the vibrations of the maximum numbei of twelve 
tiansitions be synchionoiis with the highest oscillation frequency 
(2564) of anthiacene fluoiescence band Three, the points (4, 2315) 
and (12, 2564) will determine the dii action of a straight line. 
Now note that this straight line intersects the perpendiculai 
fiom the frequency value 2410, of band Two of anthiacene, at a 
point which has a conesponding value on the X-axis equal to 
the whole number (7). Hence the oscillation frequencies 2315, 
2410, and 2564, of the three fluorescence bands of anthracene 
may be repiesented as a linear function of the numbers of fluor- 
escence tiansitions, 4, 7, and 12, respectively. The equation for 
the stiaight line which most nearly correlates these numbers 
with the coiie.sponding frequencies, as determined by the method 
of least squares is — 

j = 31 0918.1- + 2191-2959 

in which f is the oscillation frequency of a given fluorescence 
band and a the numbei of fluorescence transitions functioning 
as its oiigin. , 

Does a similar relationship exist between the oscillation 
fiequencies of the fluorescence bands of phenanthrene and a 
series of whole numbers of fluorescence tiansitions? Since the 
frequencies of the bands One, Two, Thiee, aie identical for both 
anthracene and phenanthrene, it would naturally follow that the 
several whole numbers coi responding to the frequencies of the 
three bands of phenanthrene should differ by a constant quantity 
from the numbers 4, 7, and 12, which correspond to the 
frequencies of the thiee fluorescence bands of anthracene. Such 
a relationship could only be fulfilled when the expiession foi the 
linear function takes the form of an equation for a stiaight line 
pamllel to the line for anthracene. In other words, the anthracene 
and phenanthrene lines must be parallel. 

It has already been assumed that the twenty-three fluoi escence 
transitions of the phenanthrene system coirespond to the oscilla- 
tion fiequency 2778 of the phenanthrene fluorescence band Four. 
Now if a straight line be drawn thiough the point (23, 2778), 
parallel to the anthracene line (Fig. 16) it is remarkable that it 
practically intersects the perpendiculars from the fiequency values 
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on the Y-axis at points which have a corresponding value on 
the X-axis equal to the whole numbers 8, il, and 16. In other 
woids, the oscillation frequencies, 2315, 2410, 2564, and 2778, 
of the phenantluene fluorescence bands may be represented as 
a linear function of the numbers of fluorescence tiansitions, 
8, II, 16, and 23, lespectively. The equation for the stiaight 
line which coi relates these numbers with the coriesponcling fre- 
quencies, as dcteimined by the method of least squares, is 
y = 308255^.- 20697790, 

ii> which y is the oscillation frequency of a given band, and .r, 
the number of fluorescence transitions functioning as its origin. 

The deviations of the calculated or theoretical values from 
the expeiiineiitallydetei mined values of the oscillation frequencies 
of the fluoie'icence bands of anthiacene and phenanthrene are 
embodied in the following tables • — 


Anthracene - y = 3i’09i8e -1- 2igi-2g5g 


- 

B 

c 

D 

4 

2315 

2315 663 

-1- 0663 

7 

2410 

2408 938 

1 061 

12 

2564 

2504 397 

4- 0397 


Phenanthrene . y = 30‘S255 1 + 2069 7790. 


A 


c 

D 

8 

2315 

23 16 •383 

■t i '383 



240S 859 

- 1-141 

16 

2564 

2562 987 

- I -013 

23 

2778 

2778-765 

4 0765 


In the above tables columns (A) contain the theoretically 
determined numbers of fluorescence transitions represented by 
(.r) in the linear equations for anthiacene and phenanthrene ; 
columns (B), the experimentally determined oscillation fre- 
quencies of the fluorescence bandsYepiesented by (y ) ; columns 

(C) , the frequencies as calculated from the anthracene and 
phenanthrene equations. Note that the deviations, in columns 

(D) , of the calculated from the actual oscillation frequencies aie 
so small that they may be af-ributed to qirors in experimental 
observation, 
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These results substantiate the h>"pothesis that the oscillation 
frequencies of tlie fluoiescence bands of both anthiacene and 
phenanthiene may be represented as linear functions of the 
nundDCis of fluoiescence tiansitions involved in the systems of 
dynamic equilibiia of their respective electionieis. This fulfils 
the third object of the present diaptei. 

It may now be of uitcicst to compaie Elston’s electionic 
explanation of the fluorescent spectra of anthracene and phen- 
anthrene with the hypothesis of fluorescence transitions. Elston 
states that if we assume fluorescence to be pioduced by a system 
of electrons within the molecule, then, in ordci to account tor 
the fluoiescent spcctium of anthiacene (or phenanthiene) vapoui 
consisting of seveial bands superposed upon a continuous 
spectium, we may consider either (i) that the elections coire- 
sponding in peiiod to the several bands are more numerous than 
those wliich give rise to the weaker continuous parts of the 
fluorescence, oi (e) that the formei aie set in more violent vibra- 
tion. It may also be assumed (3) that the system of elections 
is so intimately connected in its parts that, when distuibed by 
the exciting light in any mannei, all of the electrons in the 
system are set ni vibration. If the distuibance of the system 
takes place through an intermcdiaiy “ luminophore ” then this 
luminophoie undoubtedly consists of a connected system of 
electrons who.se periods coi respond to those of the absorption 
specti um of the vapour 

The proposed hypothesis of absorption and fluoiescence tian- 
sitions doe.s away with the assumption of the “ luminophore” or 
any other group of atoms, as the cause of fluorescence, and m its 
place presents a definite picture of the manner in which a system 
of elections within the molecular structure of organic compounds 
may function so as to produce not only the absorption, but also 
the emission of light. All of the several systems of elections 
or electi omens aie intim.itely connected through the centric 
electromer and centric rearrangements. If the system of elections 
ill a centiic electromer be di'fturbed by the exciting light, phaso- 
tropic electiomers aie formed and thereby make possible the 
systems of dynamic equilibria which involve absoiption and 
fluoiescence tiansitions. The existence of certain gioups of 
transitions, the vibrations of which are synchronous with light 
waves of a definite oscillation frequency, constitutes the oiigin of 
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absoiption and fliiorescenoe bands, the osallation fiequencies of 
which may be lepresentecl as linear functions of the niimbeis of 
absorption and fluorescence transitions lespectively invo!\ed in 
their pinduction. • 

G. Other Interpretations by Means of Absorption and 
Fluorescence Transitions, 

Other phenomena may be inteipieted by the hypothesis of 
absorption and fluorescence transitions. Stark and Meyei 
have observed that for numerous benzene deiivatives the regions 
of absoiption lie adjacent to or oveilap the regions of fluoiescence 
Nichols and Men it also note that the broad continuous bands 
of fluorescent substances aie ahvaj^s associated with a broad ab- 
sorption band usually oveilapping the fluorescence hand on the 
side toward the violet, and that the absorption .spectrum of the 
uianyl salts consists of a seiies of bands piecisely similai, as 
legards tlieir ariangeinent and niimbei, to the bands of the 
fluoiescence specti um. In the fluorescent spectrum of anthracene 
Elston obseives that the bands are superposed upon a continuous 
region extending from 365/14/4 to 470/4/4, while the absorption 
spectrum extends continuously fiom about 400/4/4 to some point 
beyond 325/4/4. This relationship between the regions of ab- 
sorption and fluorescence may readily be explained by the hy- 
pothesis of absorption and fluoiescence transitions from two 
standpoints (i) A fluorescence tiansition, as pieviousiy defined, 
occasions absorption as well as the emission of light (2) A 
given type of electromer may often function both in an absoip- 
tion transition, and m a fluorescence tiansition as is appaient m 
the tabulations of tiansitioiis on pages 241 and 243. Consequently 
the periods of vibration of these related absorption and fluor- 
escence transitions must likewise be related This phase of the 
subject merits further investigation and development 

Finally, the lelationship between fluorescence and phosphor- 
escence, or luminescence, should be briefly considered Wood 
states that a satisfactoiy theoiy'of fluore-icence must fulfil 
three requiiements ; (i) It must distinguish between media 
which fluoresce, and those which do not. It must explain (2) 
the change in wave-length, and (3) the inciease m duration of 
the emission, which is the ^phenomenon of phosphorescence. 
Wood further states that at present theie is no satisfactory theory 
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of fluoresceuce. TJie first two reqairements of a satisfactory 
theory have been fulfilled in the development and application of 
the hypothesis of absorption and fluoiescence transitions. The 
third lequirement, nameljq the explanation of phosphoiescence 
may also be intetpretecl in terms of fluorescence ttansitions on 
the generally accepted assumption that the energy of the absorbed 
light IS stored in the substance in the form of potential energy 
of the atoms Now when the exciting source of light is removed, 
this potential eneigy, in order to be retransformed into radiant 
energy, causes a change in the positions of the electrons in the 
centric electromer. A disturbance of the condition of equHi- 
brium in a centric electiomer causes it to pass into its phasotropic 
electromeis, and theieby a system of dynamic equilibrium is 
established which will involve fluorescence transitions. In other 
wotds, when the exciting source of light is withdrawn there is a 
continuation of the emission of light from the substance due to 
the persistence of fluorescence transitions which serve as the 
medium through which the potential energy of the absorbed light 
IS transformed into fluoiescent light. 

A tentative explanation of the phosphorescence of mineral salts 
may also be given in terms of fluorescence transitions It has 
been shown by several investigators that the action of ultia- 
violet light upon mineral salts causes dissociation and it has 
been assumed that after lemoval of the substance from the 
exciting source, phosphorescence is produced as the result of 
the recombination of the pieviously dissociated radicals, Now 

+ — 

dissociation of a salt, MX, either into its ions M and X, or 
moleculaily into M and X, cannot occm unless there be a dis- 
turbance of the relative positions of the electrons and systems 
of electrons which constitute the radicals M and X (see p. 153). 
Hence the assumption may be made that the return to the un- 
dissociated condition, MX, is accompanied by changes which 
conespond in some way to fluorescence ttansitions. 

While it IS possible to give a definite picture of the rearrange- 
ments of valence electrons taking place within the molecules of 
such compounds as benzene, naphthalene, anthracene, and phen- 
anthrene, it is not yet possible to extend the picture to the 
systems of electrons within an atom. The constitution of the 
atom is yet quite an enigma. Therefore it is probable that the 
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knowledge of the relatioiishic between absorption and fliioiesccnce 
phenomena and chemical constitution will be advanced chiefly 
thiough the study of the dynamic equilibria of the electiomeis 
of various organic and inoiganic compounds. The absori:;ion 
transition and fluoiescence transition hypotheses cannot be ap- 
plied to the atoms of elements because their electionic foimula; 
or sti Licture is as yet unknown. Perhaps a study of the absorption 
and fluoiescent spectia of the elements from the point of view 
of the numbers of contraplex-diplex tiansitions which possibly 
function as the origin of the absoi ption and fluorescence bands 
may shed some light upon the pioblem of the electionic con- 
stitution of the atom. 




PART IV. 

METAL-AMMINES, BIBLIOGRAPHICAL REVIEW AND 
GENERAL CONCLUSIONS, 




CHAPTER XX [I. 


THE CONSTITUTION OT THE METAL AMMINES 

A. The Status of the Problem. 

The foremost problem of the orjianic chemist is generally con- 
ceded to be that of the constitution of ben/cne and substitution 
m the beiuene nucleus Anothei peiplcxing pioblem, of lessei 
impoitance, but of equal interest, paiticulaily to the moiganic 
chemist, is that of the constitution of molecular compounds, 
notably the metal-ammines 

J W Mellor**^ states that “the attempt to distinguish 
moleculai fiom atomic compounds, by stiuctural foimula: based 
upon oidinary valencies deduced from the manifestations of the 
simple atomic compounds . has not been successful The 
significance of this statement is fully lealized after one has 
attempted to comprehend and to correlate the various theories 
that have been proposed to e.xplain the constitution of the 
metal-ammines. Stewart'^** has presented a cutical review of 
the foremost theories fas applied to the cobalt-ammines) notably 
those of Blomstrand, Jorgensen, Weiner, Friend, Bakei, and 
Ramsay. Hence a comprehensive levnew of these theories will 
not be attempted. Stewart also concludes that the whole question 
of the constitution of the metal-ammines is at present in a very 
unsettled condition. 

On the othei hand, Sir William Ramsay^"’ maintains that 
no theory of valency would be acceptable if it did not attempt to 
assign structuial foimulae to the metal-ammine compounds and 
to coiielate their propeities with then foimuhe. Hence it is 
the purpose of the present chaptef to attempt to apply the 
electronic conception of positive and negative valence as developed 
in this monograph to the constitution of the chief metal-ammineSj 
namely, the platinous-ammonia, the platinic-ammonia, and the 
cobaltic-ammonia compounds. ^ 

It should be noted heie that the theoiies of Friend and 
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Ramsay, and a later scheme of NeJson and Falk^^'^ are based 
upon the electron theory Friend’s system of formulation fails 
in its extension to the hexammine compounds since there is no 
valence to bind the hexatomic ring of six ammonia molecules 
to the leinaining atoms of the compound molecule which are 
left suspended in space, so to speak In Ramsay’s electronic 
foimulte the ammonia molecules ate singly bound to the cential 
mej:al atom by a double bond of the contraplex type, i e , the 
nitrogen atom of ammonia simultaneously gives to and receives 
from the metal atom an electron This is the bringing into 
pla}' of the so-called latent va’eniy of Friend, identical with J:he 
neutml affinity of Spiegel and the elect/ leal double valence of 
Arrhenius. Further, in Ramsay’s electronic formula; an ionizable 
atom or radical is attached to the nitrogen atom of an ammonia 
molecule which nitrogen atom is then bound by a single valence 
to the central or nuclear metal atom. This ionizable radical 
functions negatively Nelson and Falk base then foimul^ on 
the Wcinei co-ordinatioii types Theie aic no now conceptions 
in the Nelson and Falk method of assigning electionic formulas 
to the metal-ammines. The ammonia molecules and the iomz- 
able radicals aie united according to Ramsay’s ideas 

In the present application of the electronic conception of 
valence to the constituent atoms of the meta!-am mines, the Werner 
co-ordination formulm and the various kinds of valency postulated 
and embodied therein, will not be consideiecl The chief reason 
for the rejection of the Werner co-ordination formulm is due to the 
fact that the Wernei-Joigeirsen controversy, which extended over 
a period of eight yeais, has demonstrated that little can be gained 
by the wide departures of Wemei fiom the old and well-tried 
system of valency as developed in lelation to oiganic chemistty 
Therefore, m the piesent chapter, the electionic conception of 
valence will be applied only to such structural formula; foi the 
metal-ammmes as aie in haimony with the principles of valency 
commonly employed in the writing of the structuial formulae 
of caibon compounds. » 

The structural and electronic formiilre heiewith proposed will 
be derived through (i) the development of a few simple rules 
relative to the distribution of the positive and negative valences, 
and (2) the application of these rules to the empirical formula of 
the typical metal-ammines. To* this end, the rational names and 
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the empiiical fornml.x o 6 > the three foremost groups uf nietal- 
ainmities will be tabulated as follows : (A) the platiuous-, (B) the 
cobaltic-, and (C) the platinic-ammonia compounds. 

TABLE A. 

BU%TINOVJS-AmmOSIi\ COMVOUNnS. 

Kaiional N.imc tmpincal Fotm.ik 

1 Tetramniinc-platinous salts . [Pt(NH,)j]X, 

2. Tn.immiiie-plaiinous salts . [Pt(NHi),X]X 

3 Diamniine-iilatinous compounds. [Pt(NH»)_,X t (two isomers) 


TABLE B. 

• CoilALnc-AMMONIA CoMI'OU.'JDS 

I Hexammlne-cobaltic saltb . . [Co(NII,)„]X,, 

j Pentammme-i,obaltic salts . . [Co(NIL)5.X] 

3 Tetrainmine-cobaltic s.ilts . |,Co(NPI,)Ah]'t (l"'c isomers) 

1, Tnaiiumne-cobaltic compound . [Co(NH,),\] 


Pi ,\ri IlC-.VMMONIt CoMlMtl.NllS. 


I Ilcsammiini-platiiiic salts . 

! Pentamm no-platimc salts 
3. 'I ctrammine-platinic salts 

4 Tnammme platinic salts 

5 Uiammme-pUtmic compouraU 


(unknown) 
(two isomers) 


In connection with the typical empirical foynulie noted in 
the above tables, it should be recalled that X, when located 
within the biackets, may lepresent a halogen atom, chlorine 01 
bromine ; a univalent radical , or a molecule of water or of 
halogen acid (HX), either of which molecules functions in the 
foimula presumably in the same mannei as does a molecule of 
ammonia, On the other hand, when X is outside the brackets it 
functions negatively as a univalent lonizable atom or ladical. 
Fioin this it IS also evident that the complex radical, i e,, that 
part of the compound embodied within the brackets, functions 
positively as a univalent, a bivalent, a teiwalent, or quadiivalent 
radical 01 ion according as the number of the univalent negative 
atoms of X outside the brackets is respectively X, X^, X^, 
01 X,, 


B. Fundamental Principles Pertinent to the Electronic 
Formulae of the Metal- Ammines. 

A survey of the three groups (A, B, and C) of metal-ammonia 
compounds reveals two lemarkable relationships which constitute 
the basis for definite rules to be employed later in writing the 
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electronic formulae of raetal-atnminesjr Relative to the develop- 
ment of the first relationship, note that in Table A there are 
three classes of platinous-ammonia compounds. In platinous 
compounds, platinum is bivalent In Table B there are four 
classes of cobaltic-ammonia compounds. In cobaltic compounds, 
cobalt is fcrvalent Lastly, in Table C, there are five classes of 
platinic-ammonia compounds In platinic compounds, platinum 
is quadrivalent. In other words, when the valence of the metal 
atom of the metal-ammonia compound is («), then there are 
(« + l) classes of metal-ammines. In this connection recall 
the electronic valence rule previously developed and illustiatod, 
namely, that when the valence of an atom is («), that atom 
may function in electronic formulae according to (w + i) 
electionic types. The existence of this remarkable relation- 
ship between the numbers of classes of metal-ammines and the 
electronic valence uile leads to the immediate conclusion that 
the manlier of classes of the nietnl'aniinlnes of a given metal is re- 
lated directly to the number of the electronic types m which laid 
metal atom may function. Moie specifically, the three classes of 
platinous-ammonia compounds noted in Table A correspond to 
the three electronic types : — 

+ + — 

Pt 4- , Pt - , nnd Pt - 

The four classes of cobaltic-ammonia compounds of Table B 
correspond to the four electronic types: — 

+ + + 

Co + , Co + , Co - , and Co - 

Lastly, the five classes of platinic-ammonia compounds of Table C 
correspond to the five electronic types: — 

I + H + 

I’tv Ptl'’ Pt'.andPt” 

The second relationship<'is based upon the fact that some of 
the metal-ammines display lonogen properties while others do 
not. A definite correlation between the electronic type of the 
metal atom and the number of lonizable atoms or radicals (X) 
which exist in the compound is found in the fact that the number 
of positive valences of the metal atom is equal to the number of the 
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negative tonisablc groups (^X) Tins pimciple makes it possible 
to relate a paiticular electronic type of the metal atom to a corie- 
sponding type of a metal-ammine. Foi example, in the 
platinous-ammine group, the tetiammine and the tiiamminc salts 
display respectively two and one dissociable negative ladicals (X) 
These numbcis are equal to the numbeis of positive valences of 
the metal atom, namely, tzeo and one, which correspond respectively', 

+ 'I 

to the electronic types Pt + and Pt - . In this connection the 
diammine platinous compound displays no ionogen properties 
and, accordingly, its platinum atom, having no positive valences, 

conforms to the electronic type Pt - . 

In the same manner, and accoiding to the same principle, 
the foul gioups of cobaltic-ammines which display three, iioo, 
one, and no lonizable negative radicals, embody lespectively 
cobalt atoms of the electronic types, 

+ + + - 
Co + , Co + , Co - , and Co - 

In other words, the nuntbei of negative tonhable atoms oz raduals 
of the nictal-anunme is equal to the numbez of po^tive valences of 
the metal atom of the metal-aznmine. This relationship, found 
to hold foi the platinous-, cobaltic-, and platinic-ammonia com- 
pounds, constitutes the second principle involved in the wi iting 
of the electionic foimulie of the metal-ammines. 

Befoie postulating the rules for svi iting the electronic formubu 
of metal-ammines some account must be given of the manner in 
which the ammonia molecules aie to be distributed. It will be 
remembered that Blomstrand, and later Jorgensen, assumed a 
division of the ammonia molecules of the metal-ammines into 
chains by virtue of the ability of the nitrogen atom of ammonia 
to pass fiom its tervalent state to the quinquevalent condition. 
The pentammine-cobaltic salt was written thus . — 

/Cl 

Co— NH,— Cl 

NHj— NH3— Nila— Cl. 

The non-ionizable chloline atom is directly united to the cobalt 
atom; the two lonizable chlo'rine atoms are united to nitiogen 
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and tlius have the same ionogen propeities as chlorine in am- 
moniiun chloride Note tliat the above fotmula, coinpiismg five 
ammonia molecules, has one chain of foiii ammonia molecules. 
Blom,strand and Joigensen have advanced no icasons indicating 
how many ammonia molecules should be embodied in a mtiogen 
chain. Hence the above pentammine salt could be lepiesented 
just as well by the following isomeiic foimula, 

'Cl 

Co— NH NH.-Cl 

Nil.,— Cl 

which contains chains of two and thiee ammonia molecules. In 
other words, the Blomstiand-Joigensen method of assigning 
stiuctural formulie to the metal-aramines permits of more isomers 
than the facts wairant To ovcicome this difficulty, which is 
also likely to be encountered in writing the electionic founulre of 
metal-ammines, theie must be some limitation and definition of 
the niiinber of ammonia molecules to be embodied in a nitrogen 
chain, 

To this end, a guiding principle is found in the fact that 
some metal-ammonia compounds, although geneially stable, 
indicate a pionoiinced tendency to lose ammonia molecules vi 
pairs For example, in an atmosphere of ammonia at 760 mm. 
piesbuie, the compound Zn(NH3),iCl2 decomposes at 59", losing 
tioo molecules of ammonia , and in the same way the resulting 
compound Zii(NHj)jCl2 also loses tivo molecules of ammonia 
at 89'5’ yielding Zn(NH,,)jCL. Finally, this compound de- 
composes at 269" with the loss of its remaining two molecules of 
ammonia. These tiansitions are summaiizcd thus . — 

Zn{NH,,),Cl, Zn(NH.),Cl. -> Zn(NH,),,Cl, ZnCl„ 
Fulthei evidence foi the appaient association of groups of 
two molecules of ammonia in the metal-ammines is found in the 
fact that Magnus’ Green Salt, [(NH.j)^Pt][PtCI J, is made by 
the action of ammonia upon platinous chloride, PtCL. When 
boiled with ammonia it yields tetrammine-platinous chloride, 
[Pt(NH2)j]Ch. The tetiammine salts when heated also lose two 
molecules of ammonia yielding the symmetiical diammine com- 
pounds of geneial formula [Pt(NHj),Ch] 

The pronounced tendency, noted in the foiegoing facts, for 
ammonia molecules to enter into combination 01 to be eliminated 
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from combination ni wai rants the assumption that fKU) 

constitutes the number of ammonia molecules natuially' occiin iiig 
in a chain of ammonia molecules Therefoic, in postulating- 
rules for writing the structuial and electionic foimuLc of the 
metal-ammines, it will be assumed that not more thatr two 
molecules of ammonia will be embodied in a single nitiogen 
chain 01 chain of ammonia molecules 

C. Rules for writing Structural and Electronic Formulae of 
Metal-Ammines. 

The rules for writing the stinctuial and electronic foimnlm of 
the metal-ammonia compounds noted in Tables A, B, and C 
(p. 259) aie as follows — 

(1) Wiite all of the possible electionic types of the metal 
atom of the metal-ammines of a given metal When the valence 
of the metal is («) there aie (« -p i) electronic types and (// + i) 
classes of metal-ammines. 

(2) Since the niimbei of negative lonizable atoms or ladicals 
(X) of the metal-ammine is equal to the number of positive 
valences of the metal, attach to each positive valence of the metal 
atom (M) a ciiain consisting of /im molecules of ammonia and one 
atom 01 radical (X) which is lomzable and functions negatively, 
thus — 

+ ~ -1- — h — 

M NIIj NH. X 

This electionic foimula for the chain scheme may be abbreviated 
by indicating the polaiity, omitting the valence line, and letting 
(a) represent a molecule of ammonia, thus; — 
u+-a+ - a +-X 

In applying the above nile (2) it is quite evident that no 
more molecules of ammonia may be written into the electionic 
formula than actually e.xist in the empirical foimula. However, 
as far as the nnmher of ammonia molecules will pennit, this iiile 
should he applied to each positive valence of the metal atom 

If the metal-ammine contains an odd number of ammonia 
molecules it will be impossible tq assign all of them in pairs. 
Accoidingly, the remaining odd numbei of ammonia molecules 
may be united singly to any negative valences of the metal atom, 
and these single ammonia molecules will in turn be united to an 
atom or ladical X which functions positively, thus: — 

M -'+»-+ X. . 
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It should be ndted that when JC is an acid radical, for 
example, chlorine or bromine, and is positive^ it manifests little, 
if any, tendency to ionize. This is partly analogous to the situa- 

tion Bi-esented by acids of the type H X and H X 

The tendency foi X when negative to function as an anion is 
very pionounced; but when X is a non-metal and positive, its 
tendency to function as a cation is slight. (See Chaptei VI 
on ionic amphoterism ) On the other hand, if X is a metal its 
tendency to function positively as a cation is quite maiked 
Apropos of the preceding statements the third i ule is as follows • — 
(3) To each negative valence of the metal atom attach a 
chain consisting of one molecule of ammonia and one atom 01 
radical X which will function positively, thus: — 

M _ + a - + X. 

If. in the application of uiles (2) and (3) all of the available 
molecules of ammonia are distiibuted befote all of the positive 
or negative valences of the metal atom aie disposed of, the latter 
are united directly (without the intei position of ammonia 
molecules) to any remaining atoms 01 ladicals, X. If the 
remaining valence of the metal is positive, then X is negative, 
thus M + - X' If the remaining valence of the metal is 
negative, then X is positive, thus M - + X. This procedme 
maintains the principle pieviously noted that the number of the 
positive valences of the metal atom equals the number of negative 
atoms 01 radicals, while the number of negative valences of the 
metal atom equals the numbei of positive atoms 01 radicals. 

Before applying the above rules, the existence of isomers of 
the metal-ammines should be noted. Then existence is cor- 
related with the following rule (4); — 

(4) Isomers are possible and aie accounted for whenevei in 
the application of the preceding rules there remain for disposition 
one pair of negative valences of the metal atom, two molecules of 
amnionta, and two atoms or tadicals tohich function positively. 
These may be disposed accoirfing to two structural electronic 
forinuhe each of which (I ) and (II.), lepresents an isomer 
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Note that isomer 1 . takes •care of the negative valences of the 
metal atom according to rule (3). The possibility of another 
formula, isomer II , is somewhat exceptional m that a chain of 
two molecules of ammonia is united to a negative valence o^'the 
metal. 

Isomers of the following metal-ammines are known . — 

[PtajXJ [Pta,Xj] [CoajXa]X. 

In these compounds the electronic types of the metal atoms are 
lespectively as follows • — ■ 

+ 

Pt ” Pt " Co- 

in the application of the rules for writing the electronic formulas 
of these compounds, theie will lemain for disposition in each, one 
pair of negative valences of the metal atom, two molecules of 
ammonia and two atoms, Xj, which are positive Hence the 
CO iditioiis exist for the two isomeric formula; in confoiraity with 
lule (4) and the empiiical facts 

D. Applications of the Rules. * 

The preceding rules (1-4) described and qualified, aie based 
upon electronic principles established in conformity with empirical 
data They are, therefore, not to be regarded as arbitrary or 
hypothetical, but rather as affoidmg a method of writing both 
the structural and the electronic foimulie of the metal-ammines. 
These rules will now be applied in the wilting of the electionic 
formuhe of the platinous-, the cobaltic-, and the platinic-ammonia 
compounds. Their foimulae are recoided in tabular foim. First, 
note that the empirical formulas (taken m consecutive ordei fiom 
the preceding Tables A, B, and C of the metal-ammonia com- 
pounds) are immediately followed by the electronic formula or 
type of the metal atom in the given metal-ammine. These are 
followed by their electronic formuhe which are derived by an 
application of the fotegoing rules to the positive and negative 
valences of the metal atoms. 
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TABLE ^ 

. 


Pi atinous-ammo\i\ 

CnMl'OUNDS. 

(t) LPta,]\, 

Pt ^ 

Pt : I : ^ z'aX-i 

- (.) [Pta,X]X 

i^t .1; 

pt^ ;::i ;r'- “ ' 



1 1 p(_ - + n - + 1 




(l) [Pta,X,] 

Pt ~ 

j 

(two ibomcis, 1 

; and n ) 






TABLE D 



CoBALTtC-\MMONI\ ( 

>)MPOUNL)S 


+ 

+ - a + - (1 1 - t », 

(i) LCo.\lX, 

Co -h 

Co 1- - n + - n 1- - 1 


+ 

+ - a H - 11 + - i 


+ 


(a) [Coar,X]X, 

Co + 

Co + - (t + - fl + - a 



- + u - + t 



r I Co - + w 

(^) [Coa,\,lX 

Cn - 

1 

1 



+ -o+-n+-A 

(two isomers, I 

anlll) 

[ll Co - + a - + a - + 1 


_ 

- + rt - + r 

(t) [Coa.X,! 

Co - 

Co - a - + t 

' 

- 

- + O - + 1 


TABLE C 



Pt vrime-tMMOHIA COMl'OUNOSi 


+ 

_a + - a+ - A 

(5) 

Pt: 

Pt : : n - « + - 1 





+ 


(a) [Pta,X1\, 

Pt : 

(Formula cannot be written 

111 confoimily with rule&) 

(unknown) 

“ 


(3) [Pta,X,]X, 

Pt : 

Pt+-“+"'‘+-'‘ 


- 

- + t 


+ 

+-a+-a+-i 

(I) [Pta.XJX 

Pt “ 

pt::r 


* 

-+«-+! 

I Pt I * 

(5) [Pta,X,] 

Pt I 


(two ibomers, I 

and 11.) * 

ii Pt I : : 



- + n 
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It is paiticulatly iiotetvoithy that no pentammine plntiuic 
salt of founula (2), Table C, namely [rtasXJX-j, is known, The 
lules for writing the electionic foimiilie aie not applicable to ,1 

metal atom of the ty[ie Pt+ because five tnolccuh s of ammonia 

cannot be attached in gioups of two to each of the ihice positive 
v'alences of the metal An electronic foimula may be wiitten, 



but it is an exception to the lules which aie applicable to each 
of the known metal-ammines. The fact that this pentammme 
platinic salt does not exist, and that an electionic formula in 
confoimity with the rules cannot be written, lends suppoit to 
the purposed system of writing the strnctmal and electionic 
foimula; of the metal-ammines. 

It is also significant that the metal-amminc salts undeigo 
electrolj'tic dissociation, that is, they ionize m aqueous solution, 
in conformity with the electionic formula. When X is negative, 
it functions as an anion The lemainmg part 0/ the molecule 
constitutes the cation, 01 positively chaiged complex radical 
Foi e.xample, the ionic dissociation of the pentammme cobaltic 
salt is lepiesented thus- — 



These electionic foimulm suggest the possibility of explain- 
ing another type of elccliolytic dissociation in which X is positive 
and functions as the cation. The remaining pat t of the compound 
IS the complex negative radical 01 anion (M - neutral atom): 



E. Metal-Ammines and Complex Salts : Transition Series. 

This leads to an interpretation in teims of electronic foimulre 
of the series of seven cobaltic compounds in which the valence 
of the comple.x radical changes progiessively from thiee positive 
to three negative. The empirical formulae of these compounds, 
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recorded in the Older of the noted transitions in valence of their 
complex ladicals, are as follows : — 

[Co(NH.|),] C],- [Co(NH 3)-,(NO„)] Ck, [Co(NHj),(NO,,)2] Cl, 
[CoeNH,)5(NO,).,] , K[Co(NHa).(NO,)J , K„[Co(NH,,)(NO,)r,] ; 
K 3 [Co(NOa)„]. 

Before tabulating the electronic formula; of this seiies of 
cobaltic compounds, the question of the disposition of the N O^, 
gioups must be considered. It should be recalled that the radical 
N O.J may function either negatively or positively, according as it is 
+ — — + 

looked upon as a derivative of H . NO3, or HO . NOj respectively. 
Furthermore, NO3 as a compound, 01 as an independent molecule, 
has been shown (p 153) to function as a “ free ladical ” in which 
the valence of its nitiogen atom is foui. Accordingly, through 
the gain or through the loss of an election it becomes a negative 
or a positive radical respectively. Since it may function as an 
independent molecule, there is nothing to preclude the assumption 
that chains of molecules of NO2 may exist and function in the 
same manner as do chains of molecules of ammonia in the 
metal-amniines. Such chain formation is attributed to the 
capacitj'^ of th^ nitrogen atom, either of NHj or of NOj, to pait 
with and acquire simultaneously an electron, i.e., to develop a 
free positive and a fiee negative valence. Hence the following 
partial schemes show how (a) a negative atom may be at the end 
of a chain comprising two molecules of NHj, and (/j) how a posi- 
tive atom may be at the end of a chain containing two molecules 
of NO2 

(«) M -t - NH, + - NH, + - Cl, 

(6) M - + NO.. - + NOi - + K. 

These airangements maintain the rule that for every negative 
valence of the metal there shall be a positive atom, ladical, 01 
ion ; and, for every positive valence of the metal there shall be 
a negative atom, radical, or ion. 

The first column of the following table presents the empirical 
formula; of the senes of cobaltic compounds in question The 
second column notes the magnitude and the polai ity of the valence 
of the complex ladical. Column three indicates the electronic 
type of the metal, followed, in the last column, by the electronic 
foimula which is derived through an application of the previously 
developed rules and piinciples 
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II 1 


V r f 


' ^ 


Kmp.ncM rotm.h 

the Complex 
Kaduil 


Flteironic 1 ormula 

(r) 

[Co(NH,,)„]CI, 

3 + 

-l- 

Co + 

+ -nh.,h -nu, r -Cl 
Co+-NII,-t -Nil., 1 -Cl 

1- -NHt 1 -Nil,,-! -Cl 

(^) 

[Co(NH,)i(Nn„)]CK 


Co ^ 

+ -nHiH -NH 1 +-CI 
Co+ -NHt 1 -NH.,+ -Cl 
- +NH,- +NO.J 

( 3 ) 

[Co(NH,,),(NO,).3Cl 

- 


+ -NH,+ -Nir,-l - Cl 
Co-+Nll,~+NO, 
-+NIh- hNO, 

(t) 

[Co(Nn,),(NO,),] 


Co - 

- +N1I,- hNO, 

Co - +Nn,,-+NO' 
-+Nri,-+NO; 

(5) 

[Cq{NO„)JK, 

3 - 

Co - 1 

-+NO.-+NO.- + K 
Co-+NOr.-+NCr,- + K 
-+NO)-+NO..-+K 


[Co(NO,,),(NII,)]K,, 

- 

Co - 

-+NO,- |-NO,- + K 
Co-+NO:,-+NO',- + K 
+ - NH , + - NO'. 

(7) 

[Co(NO,),(NH,)s]K 

- 

Co + 

+ 

- +NO„- H NO,- + K 

Co 1 -NH.,+ -NO', 
r -Nii,+ - no: 

(»>) 

[Co(NO,),(NH,).J 


+ 

Co 1 - 
+ 

H -N1-C,+ -N0, 
C 0 +-NH , -1 -NO', 

+ -NH,+ -no: 


A ci'iticdl survey of the above table shows that the negative 
chlorine atoms (or ions) of compounds (i), (2), and (3), and the 
positive potassium atoms (or ions) of compounds (S), (6), and (7), 
are duly indicated in the electionic foimulai of the lespective 
compounds, This correlates the ionogen properties of the 
compounds with their electronic formula;. 

The electronic formul.e of compounds (1), (2), (3), and (4) 
are in complete accoid with the postulated rules and accoidingly 
aie perfectly similar, both structurally and electronically, to the 
formula; of the cobaltic-ammonia compounds (i), (2), (3), and (4), 
respectively, of Table B (p 266) Cbmpounds (5), (6), and (7), 
howevei, embody NO.3 molecules, and NOj, radicals, as previously 
explained. It should be noted that compounds (i) and (s), (2) 
and (6), (3) and (7), and (4) and (8), are perfectly similar 
structurally ; but dectrontcally tljeie is a complete reversal of the 
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polarity of the valences not only of<.he cobalt atoms, but also 
of the remaining molecules and radicals which compuse the 
compounds. 

In this connection, it is remarkable that stmctuial/v idcn/ur.l, 
but electronically opposite formulas, (4) and (8), aie electionic 
isomeis of the compound [Co(NH,,),,(NO,)3], ivhich is a non- 
electrolyte. In other words, forraulm (4) and (8) aie electronic s 
of the cobaltic-tiinitio-triammine. The existence of electromers 
of organic compounds has been demonstrated, i.e., the reactions 
of certain compounds can be explained only by assuming the 
existence of its electromers, each of which enters into a deficiite 
chemical reaction yielding its own specific derivative. The 
existence of electiomers of inoiganic compounds such as foimulae 
(4) and (8) is probable. Such electiomeis may exist in tauto- 
meric equilibrium [clectronk tautomciisni) 01, if the pioperties of 
the compound so indicate, only in one electionic foim. Of the 
two possible formvil.e, (4) is the moie likely because its NO5 
radicals aie positive and it is a non-electrolyte This accoids 
with the well-known fact that when the radical NO3 is positive, 
it does not tend to function as an ion. 

The principles and rules presented in this chaptei for writing 
the structural and electionic foimulie of the metal-ammines 
might be extended almost indefinitely to various other series of 
complex inorganic or moleculai compounds, but enough has 
been given to suggest the possibility and the method of extension. 
Whethei the types of formula; here proposed are more consistent 
and inoie significant than previously proposed formula; for the 
nietdl-ammines is, of course, a question. One claim, however, 
IS made, namely, that the pioposed electronic foimulm have not 
depaitecl fioin the Ihoi oughly established principles which underlie 
the writing of the structiual and graphic foimula: of carbon com- 
pounds. Furtheimore, the electionic formulae definitely qualify 
the valences as positive or negative and thereby effect more 
complete correlation with chemical properties. 

Since the electionic conception of positive and negative 
valence as applied to the constitution of benzene and many of 
its deiivatives has made it possible to explain and to coirelate 
many hitheito inexplicable and umelated chemical and physico- 
chemical phenomena, it is to be lioped that the extension of the 
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electronic conception of “valence, as heiewith applied to the 
constitution of the nielal-ammiiies, ina}' lead to a mote complete 
development of the structuial and electronic foimul.e of both 
moleculai and aloinic compounds and thus bung them into a 
unified system. 



CHAPTER XXIII. 


BIBLIOGRAPHICAL REVIEW. 

A REVIEW of the contents of the many ai tides relating either 
directly or indirectly to the electronic conception of valeTice 
would lequire another volume If. however, a leview is limited 
to the published applications of the electionic conception of 
valence in so far as they relate to the interpretation and cone- 
lation of chemical and physico-chemical phenomena, it may be 
embodied conveniently in a single chapter Accoidingly the 
piesent chapter is limited to a bibliogiaphtcal and chronological 
leview of the applications of the electronic conception of valence 
presenting, (i) the name (or names) of the author of the given 
article , (2) the title of the article , (3) the leference to the 
journal in whifh the article appeared , and (4) a brief abstract of 
the contents of the aiticle. 

A. Bibliographical Review of Published Applications. 

The first applications of the electronic conception of valence 
to the interpretation of specific chemical phenomena by means 
of electronic formuloi were presented by H S. Fiy in a paper 
lead befoie the Cincinnati Section of the Ameiican Chemical 
Society (Januaiy 15, 1908) entitled “An Hypothesis relative to 
the Constitution of the Benzerfe Nucleus an Application of the 
Corpuscular Atomic (Electronic) Conception of Positive and 
Negative Valences to the Constituent Atoms of Benzene," 
J. Amen Chem. Soc, 30, 34 (1908). In this paper, Fry elaborated 
the electionic conception o# positive and negative valence (origin- 
ally suggested by Sir J. J. Thomson’s work, Electricity and 
Matter), and proposed the new conceptions and terms electromer, 
electronic tautomeusm, and the electronic formula of bensene with 
an explanation of the Biown and Gibson lule. 

In the following year J. IVl. Nelson and K. G. Falk, also 
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hasiiig their views upon Tljoinson’s lu'pothesis that the linkages 
between atoms in a compound are caused by the tiansfei of 
corpuscles, applied same to a number of facts chiefly from oiganic 
chemistry “The Electionic Conception of Valency in Oigamc 
Chemistr) SJiiwI of Mutes Qumtaly, 30, 170-198 (1909) l 5 ee 
also /. Amcf. Chem Soc , 32, 1637-1654 (1910), which piactically 
embodies then fiist paper and gives a geneial discussion of 
aliphatic caibon and nitiogen compounds containing single, 
double, and tuple bonds; compounds containing double bonds 
between unlike atoms ; partial valence, and complex inoiganic 
salts In their summary, Nelson and Falk state that “ all cases 
of Isomeiism connected with the piesence of a double bond, 
whether between like or unlike atoms, have been lefeued to 
the direction of the valences of the double bond, instead of to 
spatial configuialions as heietofoie The existence of certain 
isomeis and the explanation of some hitheito unexplained 
leactions have also been refen ed to the direction of valences 
The existence of ‘paitial valence’ is shown to follow fiom the 
electric chaiges in a molecule" 

H. S. Fiy. “Die Konstitution des Ben/ols vom Standpunkte 
des koipuskular-atomistischen Begnffs der positivcn und negativen 
Weitigkeit. I Eine Interpretation der Regel vou Crum Blown 
und Gibson" Zctfscht. physikal. Chem, 76, 385-397 (1911). 
The piinciples piesented in this papci are embodied and further 
developed in Chapters II , VII., IX , and X of this monograph. 

H. S Fry: hltm. II, “Dynamische Foimeln und das 
Ultiaviolettabsorptionsspektrum des Benzols”. Zettschr physi- 
kal Lliem.,f 6 , 39S-412 (1911). See Chaptei XVIII. 

H S. Fry Idem. Ill "Dynamische Foimeln und das 
Ultiaviolettabsoi ptionsspektrum des Naphtalins”. Zeiheht 
physikal. Chem,, 76, 591-600 (191^) See Chaptci XX. 

K. G Falk • “ Electron Conception of Valence. II The 
Oiganic Acids.” }. Amer. Chem iVr , 33 i H40't*S2 
Falk pioposes a classification of the oiganic acids accoidiag to 
the diiection of the valences by which the alpha carbon atom is 
combined with the othei atoms of the molecule. The ionization 
coii-stants (K x 10") depend primal ily upon the additive effects 
of the diiective valences of this a-caibon atom ; I. ;;^C.C.O.iH, 
ionization constants less than 001 ; II. S C , CO.H, ionization 
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constants o-i - 0-4, III. ^ C.X^OjH, ionization constants 
gi eater than 3 

H. S. Fiy . “ A Critical Suiveyof Some Recent Applications 
of the lilection Conception of Valence" /. Anii'r Chen/ Sac 
34 r (1912). Fij' maintains that Falk’s classilication of 

the 01 game acids is incomplete because it fails to take into 
account the rliiection of the valence which binds the a-caibon 
atom to the caiboxyl gioup When this valence is consideied, 
the theory demands eight classes of 01 game acids. Falk postu- 
lates only four and consideis experimental data foi only three 
classes. Furthermore the direction of the valence which binds 
the a-caibon atom to the caiboxyl group, and which Falk 
Ignores, is of prime impoitance because it determines whethei the 
carboxyl group functions positively oi negatively, i.c , whether it 
coriesponds electionically and chemical li’ to the carboxyl radical 
in caiboiiic acid, 01 to the caiboxyl ladical in foinnc acid 

W A Noyes- “A Possible Explanation of Some Phenomena 
of Ionization by the Election Theoiy ’’ J Ai/ie/- Chcni. Sac, 
34, G63 (1912). A shoit note also suggesting that ionization 
phenomena aie lelalecl to the electiomc state of ceitain atoms in 
the molecules of electiol^tes. 

J M Nelson and K. G Falk “The Election Conception of 
Valence. III. Oxygen Compounds." Co/iununication, ?>th In- 
te/)iational -Coue/^rcss of Afflicd Che//tist/y, 6 , 312-221 (1912). 
An extension of then ideas to the oxygen atoms of certain 
compounds. 

H. S P'ly “Einige Aiuvendungeii des Elektionbegiiffs dei 
positiven und negativen Wertigkeit. IV Fluoreszenz • Anthia- 
zen und Phenanthren ’’ Zeitschr. fhys'kal Cln//i., 80, 29-49 
(1912). See Chaptei XXI 

H. S Fry Ideni V. “ z^soiptionsspektia und dynamische 
P'ormein von Chloi-, From- und lod-benzol ", Zeihth/ physikal. 
Chem , 82, 665-687 (1913) See Chaptei XIX. 

W. A, Noyes “An Attempt to Piepaie Nitio-nitrogen 
Tiichloiide, an Electromei of Ammono-nitrogen Tiichlonde”. 
I A/nn. Chew Soc , 35, 767-775 (1913)- Ordinary nitrogen 
tiichlonde when titrated against aisenious acid is equivalent to 
six atoms of chloiine per molecule indicating that the formula is 

- + Cl 
N Cl 

- + Cl 
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Moyes maintains that the^e should be an electromei- of the 
formula, 

I - Cl 
N M - Cl 
H - Cl 

nitro-mtiogen trichloride, which would hydioly/e like othei iidn- 
metallic chlorides to give nitioiis and hydrochlouc acidh. To 
obtain this electiomer, nitrosyl chloride and phosphoius penta- 
chloridc were brought togethei at iooo"-iioo“ to effect the 
leaction • — 

NOCl + PCI5 -> NCI, + POCI3. 

Much nitrosyl chloiide lemained unchanged. Chlorine and 
silicon tetrachloride weie foimed Of thiity gas mixtures 
analysed, twelve obtained m six different expeiimcnts gave evi- 
dence of the foimation of minute tiaces of the electromei nitro- 
nitiogen trichloride : o 13-022 millimoles in a volume of about 
70 cubic centimetres, 

J. M. Nelson, H. T. Beans, and J K Falk. IV. “ Classifica- 
tion of Chemical Reactions”. J. Atner Chem Nor, 35, 1810- 
1821 (1913). The authors leview and define more iigorously 
the teims and assumptions presented in their pteceding papers 
'Ift.s more general than oxidation, the term adduction is proposed, 
On the basis of the electronic changes involved,, chemical re- 
actions are classified into o.xidation-reduction changes, “ onium " 
compound foimation, and simple replacement or lejtrangement 
These classifications are illustrated by vaiious electronic formulre, 

Two papers of related interest on “Valence and Tauto- 
meiism" should be noted One was published by W C. Biay 
and G. E. K Branch,/ Amet Chem Soc.^ 35, 1440-1447 (1913) ; 
the other by G. N Lewis, thid., ZS, 1448-1455 (1913) Both 
papers deal chiefly with polemical and hypothetical distinctions, 
fiom the electronic point of view,^etween polai and non-polar 
valences 

K G. Falk and J. M Nelson V. “ Polai and Non-polar 
Valence”. J. Amer Chem Soc., 36, 209-214 (1914). The 
authors oppose the view of Biay and Branch that valence is 
sometimes polai, sometimes non-polar, pointing out that in many 
cases, as in the Giignaid reaction, we would, if that view is 
coircct, have the two kinds of valence appearing in the same le- 
action. To make such a distinction is difficult, confusing, and 
unnecessary. • 
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L. W. Jones ; “ Applications of the Electronic Conception cff 
Valence. Paitl. Reactions among Cei tain Compounds contain- 
ing Nitiogen. Part 11 The Beckmann Reanangement” 
Aincr. Chem J., 50) 414-443 (1913) Jones extends the elec- 
tronic valence lule of Fiy, namely, that when the valence of an 
atom cquals-(//) that atom may function in electionic foimulm 
in (?? + I ) ways, to tervalent and to quinquevalent nitrogen atoms 
which piesent, lespectively, foin and six electronic types From 
the point of view of electronic oxidation-reduction reactions, 
many of which are intramolecular, tlie electronic types aie dis- 
played by and con elated with the chemical properties of amines, 
aldimes, nitriles, nitiile oxides, and many other nitrogen com- 
pounds. Hydiolysis is the chief means of determining the state 
of oxidation of the nitrogen and carbon atoms Jones maintains 
“that a carbon atom when linked directly to a nitiogen atom 
does not readily take fiom it negative electron.S| 01, in other 
woicls, is not readily reduced by it”. An inspection of all of 
the leactions classed as examples of the Beckmann reanangement 
(including the Hofmann and Cm tins reactions) shows that “in 
every case the learrangement is accompanied by a process of 
intramolecular o.xidation and leduction It seems veiy probabfe 
that this tendency of the system of linking carbon-nitrogen to pass 
to one in which the carbon atom is as fully oxidised as possible, 
and the nitrogen atom as fully reduced as possible may be the 
real determining factor in the Beckmann rearrangement, and that 
the formation of univalent nitiogen, proposed by Stieghtz as the 
immediate cause, may be a meie incident, necessary, to be sure, 
to pave the way for this change.” An appreciation of the natme 
and extent of Jones’ applications of the electionic conception of 
valence to the compounds of nitiogen requires a detailed study 
of the published paper. ^ 

H. S. Fiy: “ Inteipretations of Some Stereochemical Prob- 
lems in terms of the Electronic Conception of Positive and 
Negative Valences. I. Anomalous Behaviour of Certain De- 
nvatives of Benzene.” ] Amet C 7 /c;m. Nor., 36, 248-262 (1914), 
See Chapter Vlll. 

H. S. Fry ; ‘‘Positive and Negative Hydrogen, the Electionic 
P’ormula of Benzene and the Nascent State". /, Avter. Chetn. 
Soc., 36, 262-272 (1914) See Chapters IV. and V. 

Julms Stieglitz and P. N. Leach “The Molecular Re- 



BIBLIOGRAPHICAL REVIEJy 277 

arrangement of Triarylmethyl-Hydioxyl-Amincs and the ‘ Beck- 
mann ’ Reaiiangemcnt of Ketoximes”. J. Amcr Chem. Soc , 36, 
272-301 ([914). It is possiiile that the chloioimides obtained 
by Stieglitz and Peterson are eleettomers of the chloroimic^es 
supposed to be tlic intei mediate products in the reaiiangement 
of the ketoximeb by phosphoius pentachloride Many lear- 
rangement reactions aie discussed in terms of the eiectionic 
valences of the nitrogen atom in lelation to the positive and 
negative chaiactei of ceitain atoms and radicals Stieglitz, in 
presenting a new inteipretation of the rearrangement of ket- 
oxin'es, maintains that "with the change of electronic forces, the 
positive radical, riearcst to the field of force, is lost by the now 
positive carbon and earned to the now negative nitiugen. Such 
a seiies of actions would account foi the nature and action of 
the reagents used to accomplish the reariangement (acid de- 
h)'diating agents) and it gives a rational pictuie of the electrical 
forces in play in the rearrangement of the valences of the mole- 
cule, Such a course would also account for the influence of 
stcrcoisoincrisin on the reairangement, if such an influence should 
be established as beyond doubt — the radical nearest to the 
electiical fields of force pioduced by the migration of electrons 
fiom carbon to nitiogen passing under the influence of this force 
to the nitrogen." Again, it should be stated that am intimate 
study of the published paper necessarily precedes an appieciation 
of the pioposed interpretations. 

L. W. Jones: “Electromers and Stereomers with Positive 
and Negative Hydroxyl”. /. Amcr Chou. Soc., 36, 1268-1290 
(1914). Jones cites expeiimental facts which he believes are 
sufficient not only to establish a tautomeric relationship between 
hydroxylamine and its derivatives in the ordinary stiuctural 
sense but also to confiim the belief that these compounds in 
many of their reactions behave tautomeiically in the electronic 
sense, i.e , affoid examples of electronic tautoraerism. The 
paper deals in paiticular with: (i) structuial tautomeiism of 
hydroxylamine deiivatives, (2) oxidation and leduction of 
hydroxylamine and its derivatives; (3) the action of hypo- 
chlorous acid and bromine upon teitiaiy amines; (4) an 
electronic explanation of these actions, (5) electronic tauto- 
meiism of hydroxylamine and ^its derivatives; and (6) elec- 
tromers and stereomers with positive and negative hydroxyl, or 
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alkoxyl. In the last section, Jones shoxos comlusiveh that certain 
(icnvativci of hyihoxylamnic., prepaied by Meisenheimer, are 
elcctronicrs The following quotations taken freely fiom a 
su)?scquenl papei by Jones {Siiencc, Vol 46, No. 195, 493-502; 
pie.senltng this same phase of the subject, are of moment ; — 

“In an aiticle concciiiing the ‘Non-Equivalence of the Five 
Valences of Nitiogen,’ Meisenheimer descubes the piepaiation 
of two isomeiic compounds of the type, (R)3N(OCFl3)(OH). 
The^rj/ isomer was obtained by the action of (l) methyl iodide 
upon tiimethylamine oxide and (2) subsequent replacement of 
iodine by hydroxyl. Thus — * 

/OCH 3 

(i) (CH,,),N=:0 + CH,I -a- CHjN<^^ 

OCH, /OCH, 

(.*) (CII,),,NC^ 1 - NaOII -> (CHi),N( H N^I 

^ I \OH 

(^) 

“ The second isomei was secured by the action of sodium 
methylate upon the salt obtained by treating trimethylarylamine 
oxide with hydiogen chloiide — 

/OH 

(i) (ClI,)iN = 0 h IICI (CH9,N( 

\C1 

, .OH /OH 

(j) -I- NaOCII, (CHjIjN/ + Nad 

\C1 VOCH, 

(B) 

The two foims, (A) and (B), are identical exeefit for the order in 
■which the hydroxyl groups and the methoxyl groups are introduced. 
In ( 13 ), as Meisenheimei said, the methoxyl group is linked to the 
'fifth valence,’ or the one which usually engages the acid radical ; 
while it is linked to the 'foujfith valence ’ m formula (A). But 
these two substances (stiuctural isomers) are fundamentally 
diffeient When an aqueous solution of (A) was heated, it 
decomposed quantitatively accoiding to the equation . — 

.OH 

(A) (CH,)|N.'^ -s. (CH^hN + CH,.0 + 1I„0. 

■ \OCIl,{,) 

The trimethylhydroxyammonium methylate (B) showed a totally 
different behaviour ■ — 

/-Oil (1) 

(B) (CH,),N-=0 + CH.OH, 

\0CH,(5) 
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“ In addition to these compounds, Meisenheimer piepaied a 
numbei of isomeiic mixed dialkyl compounds with methyl, ethyl, 
and piopyl radicals, e« — 

OCH, OCnH, 

(CM ),N, and (CH,),N/ " 

'''OC5H5 ' \OCH| 

In eveiy case, water decomposed compounds of this type to yiv'e 
a teitiaiy amine, an alcohol, and an aldehyde, but, invariably, 
the radical eliminated as aldehyde was the radical which occupied 
‘ position foui (4),’ and the group eliminated as alcohol always 
oci^upied ‘ position five (5) ’ Meisenheimei stated that he 
never obtained recognizable traces of the aldehyde which should 
have lesulted if the gioup attached in position five had separated 
in that foim. 

"The electronic conception of valence fully explains these 
disputed lelations by assuming that the one hydioxyl (or alkoxyl) 
gioiip (4) is positive while the othei (5) is negative Thus' — 

(A) (CH,),N I toZ :j: h”'(5) ^ (CH,,hN ^ ^ H + T - o) 

(B) (CH,),,N ; ! o : + CH, (5) -*■ +-° + + - 0 - h H). 

" It IS significant that the two oxygen atoms Upon which the 
existence of the electiomers depends are not linked diiectly to 
each other but through an intermediate atom, nitio*^en ; thus — 
(RO + - N + - OH) and (HO l- - N | - OR). 

Jones maintains that this is undoubtedly lesponsible for the 
relative stability of these electromers as compared with others 
in which the atoms of different polarity are directly connected, 
eg.— 

A B aiH^A B.” 

H S. Fry. “ Intel pi etations of Some Steieochemical Prob- 
lems in Teims of the Electronic Conception of Positive and 
Negative Valences II. Halogen Substitution in the Benzene 
Nucleus and in the Side Chain”* /. Amt'f Chetn i>oc , 36, 
1035-1047 (1914) See Chapter XV. 

J. M. Nelson and K. G. Falk. “The Electron Conception 
of Valence. VI. Inoiganic Compounds ” J. Anier. Chan Soc., 
37 , 274-286 (1915) Applications aie extended to Werner’s 
conceptions. The authors, la^opt the suggestions of Ramsay 
10 
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relative to the electronic constituti6n of the cobaltic-ammines 
and extend same to platinic-ammines. Werner’s co-ordination 
foimnhe are the structnral basis for the electronic formula; of 
the inctal-ammines as conceived by Ramsay and iatei by Nelson 
and Falk 

H. S Fry , “ Inter pretalions of Some Stereochemical Problems 
m Terms of the Electronic Conception of Positive and Negative 
Valences. III. A Continuation of tire Interpretation of the 
Brown and Gibson Rule” /. Amer Chew. Soc., 37, 855-863 
(1915). See Chapter IX. 

H. S. Fry: Idem. IV. “The Simultaneous ForinatioiT of 
Ortho-, Meta-, and Para-Substituted Derivatives of Benzene ” 
./. Amer. Chew. Soc , 37, 863-883 (191S) See Chapter XI 

H S. Fry. Idem V “A Reply to A. P'. Holleman.” /. 
Awci Chew. Soc., 21 ?^ 883-892 (1915). 

K G. Falk and J. M Nelson: “Electron Conception of 
Valence VII. Theory of Electrolytic Dissociation and Chemical 
Action,’’ J. Amer. Chem Soc., 37 , 1732-1748 (igiS) The 
authois hold that change? occurring in chemical leactions do not 
depend upon the electiolytic dissociation of the reacting sub- 
stances. The chemical changes are accompanied very often by 
electiolytic dissociation phenomena but the latter parallel the 
former, or vice versa, and do not necessarily precede or cause 
them, ^ 

H S F'ly. “Einige Anvvendungendei elektronischen Auffas- 
sung positiver und negativei Valenzen VI Cber die Existenz 
und die Eigenschaften ‘ fieiei Radikale’.” Zeitschr. physthal. 
Chem , 90, 458-480 (1915). See Chapter XVI. 

H, S. F'ry : “ Inter pretations of Some Stereochemical Problems 
in Teims of the Electronic Conception of Positive and Negative 
Valences, VI Further Evidgrrce for the Electronic Formula of 
Benzene and the Substitution Rule " J. Amer. Chem. Soc., 38, 
1323-1327 (1916). See Chapter VIII. 

H S. FTy • Idem. VII. “ The Action of Sodium Methylate 
upon the Pioducts of Nitration of Ortho-, Paia-, and Meta- 
Chloiotoluenes ” ] Amer Chem Soc., 38, 1327-1333 (1916) 
See Chapter XII. 

li, S. Fry: Idem. VIII “Further Evidence for the Elec- 
tionic Tautomerism of Benzene Derivatives.” /. Amer. Chem 
Soc, 38, 1333-1338 (1916). See Chapter X. 
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H. S. Fiy: Idem. IXr “The Electronic Foimula of Benzene 
and the Molecular Volumes of the Chloioben/.enes ’’ / Amer. 
Chcm Sk , 39, 16SS-1699 (1917) See Chapter XVII. 

L, W. Jones ; “ Electiomeusm, A Case of Chemical Isoinei- 
isin resulting from a Diffeience m Distiibution of Valence 
Electrons”. Science^ Vol XLVI., No 1195 (1917) The 
essential fe.itures of this paper have been leviewed in the 
abstract of Jones’ paper on “Electiomeis and Stereomers with 
Positive and Negative Hydroxyl ” (p. 277). 

M. T. Hanke and K. K. Koessler . “The Electionic Con- 
sbtution of Acetoacetic and Citric Acids and some of their 
Derivatives ” /. Amer Chem. Soc., 40, 1726-1732 (1918) When 
citric acid is treated with fuming sulphuiic acid the central 
carboxyl group escapes as caibon monoxide The reason for 
the elimination of the cential carboxyl group and the non- 
elimination of the two end caiboxyl gioups is due to a dtlference 
in the diiection of the valence force holding these groups In 
other words, as Fiy has shown, the elimination of a carboxyl 
group as carbon monoxide signifies that said group functions 
negatively Its caibon atom corresponds to the state of oxida- 
tion and the electronic type of the carbon atom in formic acid, 
which readily yields cirbon monoxide. Citric acid, losing 
carbon mono.xide, yields acetone dicarbonic acid which contains 
the two end caiboxyl gioups of the oiiginal citiic acid These 
aie eliminated as caibon dioxide on tieatmcnt with caustic alkali 
solution, yielding acetone Again, as Fry has shown, the elim- 
ination of a caiboxyl group as caibon dioxide shows that said 
carboxyl group functions positively Its carbon atom corre- 
sponds to the state of oxidation and to the electionic type of 
the carbon atom in carbonic acid, which loses carbon dioxide 
By the application of these pn^>^iples, Hanke and Koessler are 
able to propose electronic foimulm for various complex acids 
which aie readily coirelated with their chemical propeities 

Rajendralal De . “Polar and Non-Polar Valency". Traus. 
Chem Soc., I15, 127-134 (1919) hi the light of recent theories 
of atomic structme, De has discussed the stiuctural significance 
of complex salts such as the cobalt- and platinum-ammonia 
compounds, acetylides, etc., m lelation to polar and non-polar 
valency. 

Eustace J. Cuy; “The Electronic Constitution of Normal 
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Carbon Chain Compounds, Saturated and Unsatuiated ”, /. 
Amcr Chcm Soc., 42, 503-514 (1920) Cuy summarizes his 
paper thus. “Assuming that caibon compounds aie polar in 
nature and that caibon atoms m a chain tend to assume al- 
ternately positive and negative chaigcs, it has been shown that 
the fluctuation in the various physical properties of these com- 
pounds such as melting points, boding points, and so foith, 
between the even and the odd members of a given series, may 
be accounted for. Various reactions in which these compounds 
take part, such as the addition of halogen acids and the isomeric 
rearrangement of the hahdes may likewise be accounted for, fin 
the basis of these assumptions.” 


Many significant papeis have not been noted in the foiegoing 
review foi the reason that they aie concerned chiefly with the 
problem of the constitution of the atom While they bear moie 
or less diiectly upon the question of chemical valence, they aie 
not primal ily diiect applications of the electionic conception of 
valence to the inteipretation of specific chemical icactions. In 
this connection the following papers should be noted ■ — 

G. N Lewis. “The Atom and the Molecule” /, Amet- 
Chem Soc., 38, 762-7S4 (1916) 

G N. Leujjis “Steric Hmdiance and the E.xistence of Odd 
Molecules (Fiee Radicals) ”. Pnu Nat Acad Sa., 2 , 586592 
(1916) 

Irvmg Laiigmiiii • “ The Arrangement of Elections in Atoms 
and Molecules” / Amcr Chcm .Soi: , 41, 868-934 (1919). 

Irving Langmuir. “Isomorphism, Isosteiism, and Coval- 
ence” J. Amcr Chcm .Sac., 41, 1543-1559 (1919) 

Irving Langmuir • “ The Structure of Atoms and Its Bearing 
on Chemical Valence”. J luA^Eng Chem , 12, 386-388 (1920). 

The atomic configuiations and methods of repiesenting 
electronic valences presented in these and many othei papeis aie 
so complicated that they do mt lend themseh'es readily to a 
convenient foim of graphic'^or structural illustration when one 
attempts to make application to specific chemical reactions. In 
other words, their adaptability to elucidate stmctmal formula; and 
chemical reactions is questionable. 
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B. Review of Criticisms. 

The intiockiction of the elcctionic conception of valence and 
it', extension to the interpretation of chemical phenomena has 
met with some ciiticism The papeis embodying these ciitiusms 
should be noted biiefly m tins bibliogtaphical leview. 

P. de Heen • “The Electron Theory and Conception of 
Valence ” Bull. Acad. Roy. Belg , 1913, 667-679. The author’s 
chief criticism is that the electron theory does not futnish any 
satisfactory account of the behaviour of the elements of variable 
v^ilency. To this it may be replied that when the valence of an 
element is («) that element may function electionically in (;/ + i) 
ways. If the ordinary valence varies, the same rule applies as 
well to the one value for (k) as to the other value or valence («) 
Numerous illustialions of this rule have been given in this 
monograph. Jones (loc. cit.) has indicated methods of consideiing 
electionically the nitiogen atom whicli may function either as a 
tervalent or a quinquevalent element. 

S J Bates The Electron Conception of Valence”. J Atner. 
ChcDi Soc., 36, 789-793 (1914). Bates maintains that “on the 
whole the phenomena of physics aie opposed to the view that 
in the molecule the atoms are charged with inspect to one an- 
other, and to the theory of valence developed on this assumption. 
Chemistiy contributes the most satisfactory evidence in its 
favour.” This type of criticism is irrelevant for two reasons 
(l) The isolated conditions under which the quoted physical 
phenomena are effected (e g , high vacua, influence of positive 
rays, etc.) are not comparable with the conditions under which 
the great majority of chemical reactions take place. Therefore, 
both the results and conclusions are bound to differ. (2) The 
electronic conception of positiv'^^and negative valence plays the 
part of a formulativc hypothesis in the iiiteipretation and con ela- 
tion of chemical and physico-chemical phenomena. 

A F. Holleman • “Substitution in the Benzene Nucleus”. 
/. Amcr. Chem. Soc, 36, 2495-2498 (1914). Holleman main- 
tains that there is no hypothesis able to give a satisfactoiy ex- 
planation of the phenomena of substitution in the benzene 
nucleus. He states that Fry’s electronic foimula for benzene 
and rule for the explanation of substitution reactions cannot be 
accepted “because theie are" so many objections to it”. He 
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presents six “ most important ” specific objections which should 
be studied intimately by the reader. Fry has replied in detail 
to each of llrese objections,/. Avur. Chcm. Sac ^ 37 i 8S3-S92 
(1915). showing by dhecl quotations from Holleman’s criticism 
and h'ly’s oiiginal statements that Hoileman’s inability to coire- 
late Fly's rule with ceitain cases of sub.stitution was due to 
Holleinan’s failuie to apply to the piiiiciple of the electronic 
tafitomeiism of benzene derivatives the generally accepted 
piinciple that, in any tautomeric equilibrium mixtuie, either one, 
or the other, or both tautomers (depending upon conditions) may 
interact with a given leagent Thus the simultaneous foimaticm 
of ortho-, para-, and meta-substituted derivatives is readily ex- 
plained. Furthermoie, those cases of substitution which Holle- 
man regarded as opposed to Fry’s rule were shown to conform 
to the rule and to the principle of the electionic tautomerism of 
benzene deiivatives. An appieciation of the points at issue 
between Holleman and Fry necessitates a critical study of theii 
original papers. It is of inteiest to add that in a private com- 
munication from Professor A. F. Plolleman (Amsterdam, June 7, 
1915), he writes . “ I fear that you have gone too fai in your ex- 
planations, and it will be necessary to review your hypotheses, 
though I acknowledge that there is a right nucleus in them ", 
While Holleman appaiently did not completely sense the signi- 
ficance of the princiijle of electronic tautomerism and the necessary 
pait it plays in substitution reactions, J. B. Cohen cleaily 
states the principle in his leview of P'r/s electronic theory of 
benzene substitution. Cohen concludes his summary with the 
statement that Fiy’s theory, “m short, is so mobile, so adapt, 
able, and so ingeniously applied as to explain most of the 
facts of substitution as well as many reactions of aromatic com- 
pounds ”. ^ 

R. Brunei" “A Ciiticism of the Electron Conception of 
Valence” J Amer Cbem Soc, 37, 709-722 (1915). Brunei 
concludes that any application of the theory involves the constant 
use of assumptions ; that t*ie electionic formulm assigned to 
chemical compounds are inconsistent with any rule that can be 
proposed, that no single well-established case of electiomensm 
is yet known , and that the evidence of physical experiments is 
at present opposed to the assumption on which it is based, 

H. S. P'ry: "The Electronic 'Conception of Positive and 
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Negative Valences J.'vlmer. Chem Soc , 37 i 2368-3373 (191 5). 
A reply to the preceding paper of Biunel. 

There now remains for consideration a biief discussion of the 
status and functions of the electronic conception of positive and 
negative valence. This is the subject of the concluding chapter. 



CHAPTER XXIV. 


THE STATUS AND FUNCTION OF THE ELECTRONIC CONCEPTION 
OF POSITIVE AND NEGATIVE VALENCE. 

The final chapter of Recent Advances in Organic Chemistry 
by A. W. Stewart discusses “modern formulae and their 
fallings". The introductoiy paiagraph bears the follo\vig.g 
statement : “An unbiased suivey of the fields covered by organic 
chemistry cannot fail to leveal to any critical mind the fact that 
our stiuctural formuhe are becoming less^nd less able to cope 
with the strain which modern reseaich is placing upon them It 
IS true that for woik-a-day pnrpo.ses they still answer admirably , 
and fiom the point of view of teaching it is doubtful if anything 
bettei could be devised But when we go into the matter be- 
yond the meie surface, things are not so satisfactoiy as they may 
appeal to the supeificial observer.’’ 

Examples are cited by Stewart to show that our fornmlie 
have ceased to be puie " leaction-formulse ’’ and that they 
frequently mislead us if we attempt to diaw general conclusions 
from them. On the other hand, lesearches in physics and 
physical chemistry aie giving us glimpses of the "intimate 
structure of molecules”. Theiefore, a difficult task is en- 
countered when one attempts to embody reactioii-foimula; and 
intimate structuie of molecules simultaneously in one configuia- 
tion. Stewait admits that progress along these lines will be 
slow, but It is the task of investigatoi s who concern themselves 
with both physical and chemi^ properties to invent a special 
symbolism which will expiess'cheir results and be fiee from the 
implications that are attached to ordinaiy foimul.E "Conserv- 
atism is ingiained in most scientific minds ; and the struggle 
which new ideas have befonj,them is geneially seveie.” 

A. Status and Function of the Electronic Conception of 
Valence, 

Apropos of the foregoing points of view of Stewart, what is 
the status and function of the electronic conception of positive 
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■'and negative valence andvthe new types of foimuliC — electronic 
formulaa — proposed, c]|pveloped, and illustrated in this monogi aph ? 
The answer to this question is manifold. 

(1) It should be recalled that the electronic conception of 

positive and negative valence, as noted in the intioducj-ion 
(Chapter I.) is a foimulative hypothesis. It is maintained that 
it should function as such in the inteipietation and corielation 
of chemical and physico-chemical phenomena. , 

(2) The electionic conception of positive and negative 
valence as herewith applied to the constituent atoms of 1 datively 
well-established stiuctiiral foimulae, is, at its present status of 
development, neither primaiily nor necessaiily concerned with 
the question of the ultimate natiiie of chemical affinity and the 
constitution of the atom fei se Such questions have invaiiably 
led into fields wherein speculation piedominates. Moreovei, the 
numerous, vaiied, and diveigent hypotheses lelatmg to the 
ultimate constitution of the atom have failed, so far, to furnish a 
unifoimly satisfactory valence hypothesis which will enable 
chemists to elucidate chemical formulae and leactions. 

The most to be gleaned fiom any 01 all of these anomalous 
hypotheses is the early and lelatively simple suggestion of Sir 
J J Thomson that “if we interpret the ‘bond’ the chemist 
as indicating a unit Faraday tube, coimecling charged atoms in 
the molecule, the stiuctural formula; of the chen^st can be at 
once tianslated into the elecLi ical theoiy ". Thus, in the electronic 
theoiy, one end of a bond conesponds to a positive, the other to 
a negative chaige, the charge being developed through the loss 
or the gam of an election. It is this eailier view that is most 
readily and significantly adaptable to chemical formulie. Later 
views on the electronic natuie of valence and the distiibution of 
valence electrons have manifested little, if any, discernible utility 
in the direct and lucid interpietatii^ of the mechanism of specific 
chemical reactions and the coiielation of the vaiied phenomena 
of inorganic and oiganic chemistry. 

(3) It should also be lecalled tliat the translation of a 

•structural formula into an electronic Tormula is not an arbitrary 

procedure. Many illustiatioiis have been presented showing 
that this translation is governed by a careful study of the pheno- 
mena of ionization and electrolysis, oxidation-reduction piocesses, 
and hydrolytic reactions Eaclj of these phenomena is readily 
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interpreted in terms of electric chafes, that is, positive and' 
negative valences or the capacity of atoms and radicals to function 
positively and negatively. It is in conformity with these physical 
and chemical phenomena that the polaiity of the valences or 
bonds in a stiuctuial formula aie indicated by plus and minus 
signs thus making the translation of a stiuctiiial formula into an 
electronic foimula both a physically and a chemically consistent 
proceduie. 

(4) Many substituted derivatives of benzene when singly 
brought into hydrolytic reactions, or subjected to further sub- 
stitution, yield derivatives whose existence and properties com- 
pel us to conclude that the reaction involved more than one type 
of molecule of the initial benzene derivative These molecules 
are not those of tautomers or desmotropes. They are electronic 
tautomers, 01 electromens, existing in tautomeric equilibrium, 
that is, manifesting the phenomenon of electionic tautomerism 
If this assumption, the principle of electiomc tautomeiism, is not 
valid, then we are still unable to explain either the simultaneous 
foimation of ortho-, meta-, and para-derivatives of benzene in 
any given substitution icaction or the chemical pioperties of the 
substituted derivatives formed which aie the specific products of 
respective electiomers While the isolation of the electiomer of 
any benzene derivative has not as yet been effected, the deriva- 
tives of theseielectromeis have been obtained and then chemical 
propel ties e.xplained and correlated in teims of their electronic 
formulae In othei words, the simultaneously formed ortho-, meta-, 
and para-subdituted dei ivatives of a given lompound are the im- 
mediate and diiect leaction products of the electroniers of that 
compound 

(5) The electronic conception of positive and negative 
valence, as herewith presented, developed and applied, is a 
foimulative hypothesis. SudifTan hypothesis to be efficient must 
be inductively true at the time of its promulgation ; that is, it 
should explain the phenomena and laws which classification has 
bi ought together in a particular branch of science. It should 
also be applicable to future discoveries ; and, finally, it must be' 
deductively suggestive in indicating lines of future lesearch. The 
electronic conception of positive and negative valence has, in a 
measuie, met the first requiiement in affoiding interpietations of 
the mechanism of many hithertc^unexplained chemical reactions, 
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'^lotably substitution reactions in the benzene nucleus and the 
anomalous behaviour of many deuvatives of benzene It has 
also aftbuled explanations of physico-chemical phenomena such 
as molecular volume relationships, absorption of light and fluor- 
escence. Does It also meet the other fundamental iequirem*bnt 
of a good hypothesis, namely, to suggest lines of futuie research? 

B. Suggested Lines of Future Research. 

A suggested line of research may be found in endeavouis to 
isolate electromeis, the existence of which in tautomeiic equi- 
libw’um is cleaily substantiated. As noted, electiomers of de- 
livatives of benzene have not as yet been individually isolated, 
but a well-established case of electiomeiism has been pointed 
out by Jones (loc cit ) in his electronic explanation of ceitain 
isomeiic deiivatives of hychoxylamine oiigiiially piepaied by 
Meisenheimer. These lepresont the fiist known instances of 
independently existing electromers, that is, compounds com- 
pletely identical in structural foimulm but differing in physical 
and chemical propeities by virtue solely of a different arrange- 
ment of the respective positive and negative valences (valence 
electrons) of ceitain constituent atoms. The isolation of other 
electromeis depends upon future lescarch. 

Another line of suggested leseaich may be located in the 
well-ploughed field of unsuccessful attempts to effect a direct 
asymmetric synthesis, i.e, to piepaie a compound which displays 
optical activity through rotation of the plane of polaiized light 
by viitue of its containing an asymmetiic atom, eg., the caibon 
atom, united to foui chemically diffeient atoms oi radicals, A 
suggestion to this end may exist in the following explanation of 
magnetic optical activity in teims of the electronic conception 
of positive and negative valence. 

A naturally optically active carbon compound is either.dextro- 
or hevo-rotatoiy indepeyidently of the direction in which the plane 
polaiized light passes thiough its solution. On the other hand, 
a magnetically optically active liquid i»dextro- or loevo-rotatory 
aciording to the dhection in which the light passes through it, 
the magnetic field being constant Now natural optical activity 
of a carbon compound depends upon the presence of an asym- 
metiic caibon atom in its molecule. Biiefly illustrated (C a, b, c, d) 
indicates that the quadrivalent taibon atom is united to four 
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chemically different atoms oi radicalsf<*i2:, c, and d The com-‘* 
pound (C a, 6, c, c) is not optically active since two of the four 
atoms united to it (f and r) are chemically identical. But 
(C «, b, c, c) displays optical activity in a magnetic field. One 
natfiral conclusion is that the two chemically identical atoms 
(c and c) must function differently in the magnetic field In 
other woids, in terms of the electionic conception, whether (c) 
and (c) are natuially both positive oi naturally both negative, 
die magnetic field induces a rearrangement of the valence electrons 
in such a way that one (r) functions positively and the other (c) 
functions negatively It has been shown that a given atom m^ay 
function sometimes negatively, sometimes positively, and these 
two states are entirely diffeient chemically. Hence, the magnetic 
field may induce magnetic optical activity by conveiting inactive 

(C a, b, c, c) 01 inactive (Crf, b, <, c) into magnetically optically 

active (C ( 2 , b, c, c). This may be termed eledrometic asymmetry, 
the occasion of magnetic optical activity. 

It is also quite conceivable that a compound such as 
+ — 

(C a, h, c, c) in which like atoms (c and c) possess opposite polaiity 
would not shcrtv optical activity unless in a magnetic field. In 
this case the magnetic field would not be the occasion of atoms 
(c and c) furtctioning positively and negatively, but it would 
differentidte them in their relative spatial positions in the mole- 
cule so that the caibon atom (C) is asymmetric. It displays 
electromeiic asymmetry. This diffeientiation in space and in 

polaiity of the atoms {c and c) in a magnetic field is readily 
correlated with the fact that a magnetically optically active liquid 
IS dextio- or locvo-rotatory according to the direction in which 
the light passes through it. ^ 

This proposed hypothesis also coi relates the well-established 
theoiy of the asymmetric caibon atom of Le Bel and Van’t Hoff 
with Faraday’s discovery of and Sit W. H. Perkin's lemaikable 
lesearches in the field of ifiagnetic optical activity. 

Immediately in this connection it should also be noted that 
many crystalline substances, such as quartz, are optically active, 
buL it has been held by physical chemists that the activity here 
IS not due to the airangement of atoms within the molecule but 
lather to a ceitain undefined arrangement of crystalline particles. 
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ISIow X-iay and ciystal stiucture invcbtigations are clearly in- 
dicating the types of the at rangements of the atoms in spaced 
lattices Accoidingly, it is quite possible that many such ar- 
laiigements piescnt examples of ekcti otneric asymuietry In 
other wolds, optical activity of cr3’stals is assumed to be due to 
electiomenc as^-inmeliy which exists natuially in optically active 
ciystals but is induced in inactive substances by the magnetic field. 

The suggestion of the conception “electromeiic asymmetry*^’ 
does not, of couise, in itself constitute an explanation ; but it 
may seive as a nucleus for the development of a moie compre- 
hdlisive hypothesis which should embrace and correlate, along 
the lines indicated, all types of optical activity. The underlying 
concepts are the electronic conception of positive and negative 
valence and the piinciple of asymmetry, which latter has played 
a vital part in the explanation of the optical activity of compounds 
of caibon. 

The phenomena of magnetic optical activity and the proposed 
electionic inteipretation also suggest other lines of investigation. 
For example, may not a sufficiently powerful magnetic field 
have some effect upon the relative concentiations or relative 
reactivities of the electiomers in a tautomeric eq^uihbiium mix- 
ture such as . X =1^: C^H,, . X) ? Since benzene derivatives 
display electronic tautomei ism, they may be expected to react 
diffeiently within a magnetic field than they do in a non- 
magnetic field This diffciencc in reactivity under, the two 
conditions could be ascei tained by a quantitative deteimination 
of the reaction products which are the derivatives of the respec- 
tive electromers. If the magnetic field alteied in any way the 

+ - 

concentrations or reactivities of the electromers, . X and 

- -t- _ _ 

C5H5 . X, vaiiations in the quantities of the substituted derivatives 
+ — — + 

of CpHr, . X and . X would establish the fact. 

In this connection studies of tljp hydiolytic reactions of 
‘optically active and inactive compounds, within and without the 
magnetic field, are suggested. Also, addition reactions present 
subjects for investigation. For example, the addition of the 
halogens and halogen acids to unsaturated compounds have a 
special significance in attempts *to effect asymmetric synthesis. 
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The two types of double bonds, conlyaplex and diplex, pioposed 
by the author afifoid a ready explanation of the varied and ap- 
parently anomalous addition reactions frequently noted in the 
liteiature. How will a magnetic field effect these addition 
leactions? 

The variable physical conditions under which these suggested 
reactions may be conducted must not be ovei looked. Electronic 
tautomeis aie undoubtedly very subtle. The behaviour of elec- 
tromers and the possibility of their isolation are quite likely to 
be influenced by the magnetic field, its character and intensity ; 
by the solvent medium, its density, molecular volume, tempdlm- 
ture, dielectric constant, chemical properties, etc. ; and by the 
presence of catalysts, either diiectly employed or as secondary 
products of the reaction. All of these conditions as well as the 
quantities of the reacting substances, and the quantities of the 
products of the reactions must be accuiately standardized and 
carefully determined in any of the suggested lesearches 

From the foiegoing it is quite apparent that the electionic 
conception of positive and negative valence meets the two funda- 
mental requirements of an efficient formulative hypothesis : it 
not only explains many facts and phenomena — its first function 
— but it is also deductively suggestive in that it has indicated 
various lines pf future leseaich. These hypotheses aie proposed 
with the undei standing that assumption is not necessarily pre- 
sumption. 

Finally, a statement made in the introductory chapter will 
now bear repetition : “ In view of the fact that electronic formulas, 
in many instances, have proven to be more precise and more 
significant than the customary structural formulae in the explana- 
tion of chemical and physico-chemical phenomena and the 
mechanism of reactions, it is^uite conceivable that the electronic 
conception of positive and negative valence as a formulative 
hypothesis may become a necessary adjunct to- the structure 
theory. This, of course, must depend upon the nature and 
extent of its application^ and expeiimental veiifications, and. 
upon the part that should be played by just criticisms in biinging 
to light the relative merits and demerits of its applications.” 
Complementaiy to this opinion the author begs to conclude this 
monograph by quoting the final paragraph of A. W. Stewart’s 
Recent Advances in Organic Chemistry (loc. cit.) . — 
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"A, “ It is not to be expeeited that success will be attained at a 
stroke. Much more piobably, theie will be a yood deal of 
fumbling and recasting to be gone thiough, just as theie was 
befoie 0111 piesont-day formula; emeiged from the melting-pot. 
Any suggestions, thercfoie, which tend towards the eiihugcment 
of oui ideas of chemical constitution should be welcomed by 
those who have sufficient ciitical spirit to giasp the failure of oui 
contempoiaiy formulae under the stiain of modern investigations.” 



